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QUARTERLY REPORT ON THE FERROCYANIDE SAFETY PROGRAM
FOR THE PERIOD ENDING JUNE 30, 1994

TT T T TTT Tt ST T TS s T s mmm et —— - = wras - i e e ——— — —

J. E. Meacham
-~ R. J. Cash

o e TRis-is the-thirteenth guarterly report-on the progress of activities addressing the
-----—--Feyrocyanide -Safety Issue-associated with Harford Site high-level redicactive-waste tanks.
Progress in the Ferrocyanide Safety Program is reviewed, including work addressing thé six
parts of Defense Nuclear Facilities Safety Board Recommendation 90-7 (FR 1990). All work
acrivities are described in the revised program pian (Borsheim et al. 1993), and this repor:
_ __ __follows the same format presented there. A summary of the key events occurring this quarter
e s presented in Section 1,2, More detailed discussions of progress are located in Sections 3.0

and 4.0.
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. 1.8 INTRODUCTION

1.1 PURPOSE

This quarterly report provides a status of the activities underway at the Hanford Site on the
. Ferrocyanide Safety Issue, as requested by the Defense Nuclear Facilities Safety Board
,7,,,,,,,,,,,77(DHFSB1m Recommendation 90-7 (FR 1990). In March 1991, a DNFSB implementation
. “pian (Cash 1991) responding to the six parts of Recommendation 90-7 was prepared and sent
7 _to.the DNFSB. The impiementation plan was updated in fiscal year (FY) 1993 (Borsheim
— et al. 1992). A revised ] Fmocyaxud&Safetergram Plan-addressing the total Ferrocyanide

S —Safety Program, including the six parts of DNFSB Recommendation 90-7, was released in
- ,-:;::——j-—-:ﬁaﬁlt"% (Borsheim-et-ak.~1994). - Activities in ﬂmrensedrprogranrpmﬁ are underway or

have been completed, and the status of each is described in Section 4.0 of this report.

- 1.2 QUARTERLY HIGHLIGHTS

- 7 7 @ “Update of the Interim Safety Basis (ISB) document (Wagoner 1993) to incorporate the
ferrocyanide safety criteria (Postma et al. 1994) and to reflect closure of the
~ - Ferrocyanide Unreviewed Safety Question (USQ) was begun this quarter. Revision of
T Chapier 6 (Requiremenis) was compieted in May, and a revised topical report
-~ {Chapter 5, Section 5} is-currently under editorial review and should be distributed by
the end of July.

e A close-out report was submitted to the U.S. Department of Energy (DOE) that
addresses the 1990 U.S. General Accounting Office (GAO) recommendations on the
ferrocyanide hazard (Peach 1990). The report summarizes the progress made on
determining the potential for ferrocyanide reactions in Hanford Site high-level waste
tanks, and the conditions necessary to sustain an exothermic ferrocyanide reaction.

mromeem—s - - -—B3350 O the Tesilis ovtained by the Ferrocyanide Safaty Program; dose consequence
calculations and aerosol experiments are considered unwarranted.

e All equipment and safety documentation supporting insertion of instrument trees into
" “assumed leaker tanks were compieied this quarter. However, instaiiation activities
e em --were-stapped because of concern over riser avmlabﬂlty for core sampling. After an
o ,,,’,,,,,,, ,,fmstmmcm_ tree is inserted into a riser, that riser is no longer available for core
T sampling. - Therefore -core sampling may be required before instrument tree
mctalla on.
e A report (McLaren 1994) was published this quarter that estimates heat loads for the
--— ———- - -— - -ferrocyanide tanks expected to have the highest heat loads. The maximum heat load of
—-o o - -any-ferrocyanide-tank-is below 4:2 kilowatts (&W), or 14,300 British thermal units per
hour (Btu/hr).
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- -& - A-toial of nine ferrecyanide tanks were-vapor sampled this quarter. Tank 241-BY-107
had a flammabie gas concentration of 3 to 4% of the lower explosive limit (LEL), and

“tank 241-BY-108 had a concentration of 1% of the LEL. Tanks 241-BY-103, -104,

-105, -106, -111, 241-C-109, and -112 had concentrations less than 1% of the LEL.

— tt_:*;:;_* - -The hiﬁh&;t ammonia concentrations where found In tanks 241-BY-107 and -108, at

_ 700 and 97 parts per million (ppm), respectively,

-~ -—-a- —Areport evaluating possibie sources of flammable gases, inciuding potentiai cyclic

_________venting, was completed this quarter (Fowler and Graves 1994), The report concluded
- . - that continucus-flammable gas-monitoring in-ferrocvanide tanks-is not warranted. The

—————— ————— - docament will be issued for public-availabiity in Juiy 194,

__e __Four attempts were made this quarter to obtain push-mode core samples from tanks

__241-C-108 and -111. _All of Lh.gattempts.rcsulted in low core recoveries, less than

- _f" L __about 10 volume percent (vol%).. Redesign and testing of the push—made core sampler

- .-isnOW undea'way in an attempt to-improve-core recovery. Analyses of a partial sample

v oo T from tank 241-C-111 yielded gimilar results to those seen in tanks 241-C-100 and -112

.(Slmpson et al. 1993a, 1993b). The sample contained 32 weight percent (wt%) water

B EENNELE 1 § é‘iﬁiﬂi{w an exotiierm of -13-calories per gram {cal/g) on a dry basis.

~—-- ———e - Neuiron detectors from iwo manufacturers (LND, Inc. and Nancy Woods Laboratory,

- Inc.) -were tested and-compared this-quarter: - The detectors supplied by LND offer the
~ best energy resolution and operate at lower voltages than the Nancy Woods detectors.

- “Y“.J_ — s

-The Nancy Woods deteciors produce a larger average pulse height signal. Tests in
radiation fields revealed that all of the detectors could be operated under irradiation.
However, the LND detectors were more effective at discriminating against the signal
coming from gamma rays.

e The Umver&ty of Washmgton s Center for Process Analytical Chemistry completed

Phase 2 feasibiiity work this quarter on near-infrared (NIR) moisture momtonng

P Y _that momieala

- -—a—---iss""ﬂ'w -Experiments showed- that particie size and chemmcal changes in the waste
increase the measurement error; however, it is still possible to obtain moisture readings

-._..... s Examination of results from three different drainage experiments revealed that
ferrocyanide waste simulants drain water through a process of consolidation. This is
__opposite to the behavior of a rigid porous medium, such as sand or saltcake. Direct

3 = X

o -measurement of the consolidation of actual wastes is Tecommended to predict the water

s :frfremsoir.amh“ of the tank sludge. Cenirifuge experiments offer a fast and
l.l“l-l'

-———— —-8—-Since early-April,-all laboratory work has been halted within radioactive control areas

efficient way o test the hydraulic properties of sludges with only a small sample.

|

_in_ t.h!'.t325 Building at Pacific Northwest }_ab-czatary {PNL):—Theshutdown has
affected ‘completion of the work scope outlined in the FY 1994 test plans, Reports will

"be issued as scheduled in the milestones; however, some of work that was to be
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" complieted this FY in the cyanide speciation and cesium solubility tasks will be carried

into next FY.
1.3 REPORT FORMAT

Progress of activities under each of the six parts of DNFSB Recommendation 90-7 are

arranged in the same order as the program plan (Borsheim et al. 1994). The arrangement
= _ﬂiﬁu follows the same order provided in Recommendation 50-7. To repori on progress, each
LI = --part of the-recommendstion-is repeated-in italics; followed by paragraphs explaining the

scope of work on each part or subpart of the recommendation. Subheadings for each task

R quredur mismemam La £allacesioas
achvity report tie IGLOWINg:

e Progress During Reporting Period
A e Planned Work for Subsequent Months

e Problem Areas and Action Taken

e Milestone Status.
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2.0 BACKGROUND

- Va.rious high-level radioactive wastes from defense operations have accumulated at the
Hanford Site in underground storage tanks since the mid-1940s. During the 1950s,
———--— —-additional- tank—storageapacev.:weqmrm to-support the defense mission. To obtain this
- additional storage volume within a short time period, and to minimize the need for
e constructing additional storage tanks, Hanford Site scientists developed a process to scavenge
191Cs from tank waste liquids. In 1mp1ementmg this process, approximately 140 metric tons
{154 tonsy of ferrocyanide were-added io waste that was later routed to some Hanford
Site single-shell tanks (SSTs).

- ---- - - - Ferrocyanide;-in-the presence of cxidizing material such as sodium nitrate and/or nitrite, can
be made to react exothermically by heating it to high temperatures or by applying an
electrical spark of sufﬁcient energy. Under laboratory conditions deliberately created to

220 °C, but the lowest propagauon temperature observed is approximately 250 °C. The
reactive nature of ferrocyanide in the presence of an oxidizer has been known for decades,

- --—-——but the conditions under which the compound can undergo endothermic and exothermic
reactions have not been thoroughly studied. Because the scavenging process precipitated
ferrocyanide from solutions containing nitrate and nitrite, an intimate mixture of

e __fefmcyarndes and nitrates and/or nitrites is likely to exist in some regions of the ferrocyanide

Bfforts have been underway since the mid-1980s to evaluate the potential for ferrocyamde
consequences of a postulated ferrocyamde reaction were not evaluated in the safety analyses
__ ___or safety analysis reports (SARSs) applicable to the Hanford Site SSTs. The SAR authors
,,,,,,,,,, mstencally have considered -a rapid exothermic reaction from fuel/nitrate reactions as an
incredible event, and the consequences of incredible events are not required to be analyzed
(WHC 1993).

Although not considered a part of the safety analysis for storage of waste in the SSTs, the
- 1987 Environmental Impact Statement (EIS), Final Environmental Impact Statement,
wre..... . Disposal of Hanford Defense High-Level Transuranic and Tank Waste, Hanford Site,
thhland Washmgton (DOE 1987) did include an environmental impact analysis of potential
--—- ____exothermic reactions involving ferrocyanide-nitrate mixtures. The EIS authors speculated
that an explosion could occur during mechanical retrieval of saltcake or sludge from a
ferrocyanide waste tank. The EIS authors concluded that this worst-case accident could
create enough energy to release radioactive material to the atmosphere through ventilation
- 39%“’ gg . eynncing narconne p#m;s:m n ehgﬂﬂrﬂ nrhnhnn dnnn nf nnnm-v-mg!lnln

§;-8¥Posine narsnns ONtN
-~ - 200-millirem. - A GAO study (Peach 1990) postulated a greater worst-case accldent with
independently calculated doses of one to two orders of magnitude greater than in the EIS.

—-- Coupling-the ferrocyanide concerns with concerns about high organic concentrations and

potential hydrogen accumulations in other Hanford Site high-level waste tanks, the DOE

2-1
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= P-mehnrzkﬁgust 4.99&. T.&*.sﬁwo groups were formed-to-ensure that all safety concerns with
high-level waste tanks at DOE sites are identified and addressed in a systematic and timely

Mannoe
AERGRARRENAL &

The initial focus of the task force and advisory panel was on the Hanford Site Flammable
- Gas and Ferrocyanide Safety Issues. In Sepiember 1990, a special Hanford Site ferrocyanide
----task team was commissioned by Westinghouse Hanford Company to address all issues
involving the ferrocyanide tanks, including the consequences of a potential accident.

The Ferrocyanide Safety Issue is a result of a combination of factors, beginning with the

_____ _safety studies performed as precursors to using the ferrocyanide scavenging flowsheets.

- These studies did not address ultimate disposal of the ferrocyanide solids, and were not
———performed to the conservative standards used today. In addition, no rigorous inventory was

............. _ kept of the ferrocyanide or other chemicals added to the tanks. Subsequent safety studies

-'—-———aeﬁmmmg—ﬂw mk#%ddmgmher ‘chemicals-were either not performed, or were performed

10 less conservative standards. Monitoring systems, such as temperature measurement
.- -instrumentation, were allowed to be disconnected and fall into disrepair because the potential

hazard was not highlighted.

Although the EIS authors estimated the consequences from a hypothetical explosion, the

_ oo QAQ disagreed: with-the-assumptions-used-for-the- dose-consequence-calentations. Work

- performed by PNL in 1984-85 (Burger 1989) identified a potential safety problem, but no
funding was provided until 1989 to study the Ferrocyanide Safety Issue. An additional issue
was subsequently communicated about the assumed radioactive material source term (release

- fraction) resulting from a hypothetical explosion (Peach 1990).

"o = "Iy Detober-1990 {Deaton 1990), the Ferrocyanide Safety Issue was declared a USQ' because
_____ the safety envelope for these tanks was no longer bounded by the existing safety analysis

%ﬁ:ﬁ{%ﬁﬂ& 1986). - In- 1991, using process-knowledge, process records, transfer records,
--and log books, 24 Hanford Site tanks were identified as potentially containing 1,000 gram-
~ moles (g-moles) (465 Ib) or more of ferrocyanide [as the Fe(CN)¢ anion]. These tanks were

e _.»_An Unreviewed Safety Question, as defined by DOE Orders 5480.5 (DOE 1986)

= oomo - and-5480:21- {9&4%1},434@@%@ as follows, "A proposed change, test or
experiment shall be deemed to involve an USQ if the following apply:

Il Cla.T ‘The probability of occurrence or the conseguences of an accident or malfunction

of equipment important to safety, evaluated previously by safety analysis will be
significantly increased, or

- - - A-possibility for an-accident-or-malfunction of a different type than any evaluated

previously by safety analysis will be created which could result in significant
safety consequences."

2-2
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plaoedm a Ferrocyanide Watch List because of the USQ. Re-examination of the historical
- - records-(Borsheim and -Simpson 1991) md;cated that 6 of the 24 tanks do not contain the
~requisite 1,000 g-moles of ferrocyanide and should not have been-included on-the Watch
List. Four of the 6 tanks were removed from the Watch List in June 1993 (Meacham et al.

I s a )

~1993) and removal of the other two tanks is pending (Borsheim et al. 1993).

-~ 'The Ferrocyanide USQ-was-closed on March 1, 1994 by the DOE Assistant Secretary for
Environmental Restoration and Waste Management (Sheridan 1994). Closure of the

Ferrocyanide USQ was based on safety criteria proposed by Westinghouse Hanford Company

-~ - --and-concurred: onby y-outside reviewers-and reviewers within DOE. - This was the first USQ
——closure in the current Waste Tank Safety Program since the Watch List was created in 1990.




intentionally left blank.
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e e - e -30. FERROCYANIDE SAFETY DOCUMENTATION

- --- - --The USQ process depends on an authorization basis that describes those aspects of the
facility design basis and operationai requlremmts relied on by DOE to authorize operation.
- -~ -~ The authorization basis is described in documents such as facility SARS and other safety
analyses, hazard classification documents, technical safety requirements, DOE-lssued safety
- ———— - --gvalustion-reports, and facility-specific commitments,-such-as Safety Assessments (SAs) and
the ISB (Wagoner 1993). The potential hazards of a ferrocyanide-nitrate/nitrite reaction were

discovered to represent an inadequacy in the authorization basis.

s s e A givatepy-for cloging +he USQ and resolving the Safety Issue for the ferrocyanide waste
tanks was developed by DOE and Westinghouse Hanford Company and presented to the
wrEeEntl DNFSBin ﬂtlgd%l 1993 (Grumbly 1@3} The sirategy contains iwo key stcps
‘(1) developing criteria for safety categories that rank the hazard for mcn tank, allowing
—closure of the USQ; -and (2) conﬁmﬂﬁm and final placement of each tank into one of the
T - -categories based on core s wupuu; and characterization of the tank contents. The
Ferrocyanide USQ was closed on March 1, 1994 by the DOE Assistant Secretary for

- -Environmental Restoration and Waste Management (Sheridan_1994).

Safety and Environmental Assessments. SAs are documents prepared to provide the
e -=-technical-basis 1o assess the safety of a proposed activity and to provide proper controls to
... ._.maintain safety. The SA and the accompanying Environmental Assessment (EA) for that
operation provxde the basis for DOE authorization of the proposed activities. SAs have been
approved for vapor space sampling of all ferrocyanide tanks, waste surface sampling,
push-mode and rotary-mode core sampling, thermocouple (TC)/instrument tree installation in
oo oo -SoURE and-assumed leaker tanks, and removal of pumpable liguid (interim stabilization).

A generic EA covering all proposed operations in the tank farms has been approved, and a

Finding of No Significant Impact was issued by DOE (Gerton 1994). Approval of the

generic EA provides adequaté National Environmental Policy Act coverage for the pianned
e ——- .. Ferrocyanide Safety Program activities and streamlines the approval process.

S _ The authorization basis for intrusive tank operations was combined into one document, the
R ”*I.)B “in November 1993 (Wagoner 1993). Safety documentation concerning the ferrocyanide
© -~ hazard was updated this quarter to reflect the approved ferrocyanide safety criteria and

. .closure of the ferrocyanide USQ. Updates of Chapter 6 (Requirements) of the ISB and the
Operating Speciﬁcations Document were completed in May. However, revision of

= - Chapter 3, Section 3 (Topicai Keporis) of the ISB was not completed by the June 24

—— __Jnﬂ,smm Several topical reports; including one for ferrocyamde, are part of the ISB

" _update, and the extent of the update has caused a delay in the review process. The revised
topical report is currently under editorial review and should be distributed by the end of July.
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Hazard Assessment. The effort to update the ferrocyanide hazards assessment document
- was redirected in June 1993 toward developing a technical basis document supporting
—..— .. _resolution of the Ferrocyanide Safety Issue. An updated ferrocyanide hazards assessment,
- e nOW referred €0 ag a technical basis document, will not be started until adequate information
_ . __._...__is available for resolving the Ferrocyanide Safety Issue. Technical information from all
o Fermpevanide Safety Program-tagks-will be incorporated into this document. This document
may be necessary to support Safety Issue resolution in FY 1995 for the four Ferrocyanide
—-—- — - -Watch List tanks in C Farm. Core recovery problems (see Section 4.4.1) may delay Safety
- Issue resolution for the C Farm tanks, An update of the document may be necessary in

FY 1997 to support Safety Issue resolution for the remaining tanks.

--Dese Consequenc&s In Scptember 1990, -an Ad Hoc Task Force report recommended that
studies be performed to provide information on; (1) the potential for a ferrocyanide-
- - - - - --nitrate/pitrite-explogion;- (2) the conditions- newssary in the tanks to initiate an explosion; and
___(3) the potential consequences of such an occurrence. The GAQ advised the Secn'etary of
%rergymmpiem&itthewrecommendanons “(Peach 1950). A tlose-out repori addressing aii
- - -three-of the GAO recommendations-was submitted to DOE this quarter. The report
—m e -SUMmarizes the progress made on determining the potential for ferrocyanide reactions in
S ---Hanford S;terferrecya.n.lde tanks, and the conditions necessary to sustain an exothermic
. ) féifocyam&e reaction. ‘Based on the results obtained by the Ferrocyanide Safety Program,
dose consequence calculations and aerosol experiments are considered unwarranted.

——— S .—- fv-'EE-_-aiié Sta‘ -

B January 31, 1994: Receive DOE approval to close the Ferrocyanide USQ
Coo oIl __;Safsry Initiative 25). _The Ferrocyanide USQ was closed on March 1,
' o - 1594 -(Sheridan 1994). -A ietier was sent on Marcii 30, 1994 (Wisness
_ 1994) informing the U.S. Environmental Protection Agency and State of
"7 7 7 777 Washington Department of Ecology that Tri-Party Agreement (TPA)
" milestone M-40-14 (ciosire of the Ferrocyanide USQ by March 31, 1994)
was compieted.

- June 24, 1994: Issue an ISB Level 1 report to DOE that provides the
I ) . .. safety basis for safe operation of ferrocyanide tanks. Several topical
"~~~ repors contained in the ISB are being updated. This has caused a delay in
e _rejease of the changes and updating of the ISB should be completed early

next quarter.

- July 29, 1994: Issue an update of the ferrocyanide hazards assessment
document. This milestone was deferred to FY 1995 and may be canceled
if not required to resolve the Safety Issue for the four C Farm tanks.
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- August 31, 1995, Issue technical basis document supporting Safety Issue

- resolution for C Farm tanks, if required. Recommend Safety Issue
--resolution for-C Farm-tanks. - -Difficulties in-obtaining adeguate push-mode

core samples from tanks 241-C-108 and -111 may delay completion of this

—vmr AP

miiestone into FY 1996.

I = — February 29, 1996. Obtain DOE approval to remove C Farm tanks from

thc Waich List. Safety Issue resolved for C Farm tanks. Difficulties in

e oo 1L T pbtaining adequate push-mode coré samples from tanks 241-C-108 and

-111 may delay completion of this milestone.

- January 31, 1997, Revise technical basis document to support Safety

Issué resolution for the remaining tanks, if required. Recommend Safety
Teone maanbatian fax all tanls

September 30, 1997. Receive DOE approval to remove all tanks from the
Ferrocyanide Watch List. This action resolves the Ferrocyanide Safety
Issue.

33
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4.0 DESCRIPTION OF ACTIVITIES

—...-This section follows the format of the program plan (Borsheim et al. 1994) and describes all
work associated with the Ferrocyanide Safety Program. Where applicable, each task activity
-is described -relative-to-the DNFSB Recommendation(90-7. 1 through 90-7.6).- The specific
reoommmdanon is given, followed by a summary of activities underway to respond to the
recommendation (if not already closed out).

___ 4.1 ENHANCED TEMPERATURE MEASUREMENT

—oo o - Ulmmediate sieps should be taken to-add-instrumentasion-as-necessary io the 5575 containing
Jerrocyanide that will establish whether hot spots exist or may develop in the future in the
omonos stored-waste. - The instrumentation should include, as a minimum, additional thermocouple
trees. Trees should be introduced at several radial locations in all tanks containing
_. .. substantial amounts of ferrocyanide, to measure the temperature as a function of elevation at
" " these radii. “The use of infrared techniques 1o survey the surface of waste in tanks should
continue to be investigated as a priority matter, and on the assumption that this method will
be found valuable, monitors based on it should be installed now in the ferrocyanide bearing
tanks. *

4.1.1 Instriment Trees

Work in several areas has developed a broader knowledge base and has warranted several
changes in the approach to implementing this recommendation. Originally, it was planned to
add several temperature measurement instruments to each tank. This plan has been modified
to ensure that there is at least one instrument tree with replaceable TCs in each ferrocyanide

- tank, Additionally, there should be at least two operational temperature-sensing elements in
the waste to ensure a true temperature measurement, and one or more in the vapor space.

The new data that have warranted this action include: (1) many of the TC elements in the
e GKISNG trees have heen returned to service and measured temperatures-are as expected;
62) thermat-modeling-to date (McLaren 1994) and an enhanced process knowledge show that
: f—fff—the—‘waste is relatively homogeneous horizontally with respect to heat generation (thus a hot
———---—-——-spot is most-likely improbable); (3) any reasonable number of instrument trees would not be
; - likely to detect a hot spot; and (4) new estimates of tank heat content based on tank
— oo temperatures show lower values than nrevions estimates,

- - When completed, the results will be two instrument trees in all but three ferrocyanide tanks
e £241-BY-106; ~111 -and ~112),- Tank 241-BY-106 already contains an instrument tree with
------ - -replaceable TC elements. Tanks-241-BY-111 and -112 had no operable instrument tree, and

the waste temperatures were measured via a dedicated TC element installed in each tank’s
LOW. New instrument trees with replaceable temperature-sensing elements have now been




- installed in these two tanks. The existing instrument trees in the tanks will be monitored as
~ e - ——— well as the newly installed trees. It is expected that the older trees will eventually fail in a
) manner such that they cannot be repaired, and they will not be replaced.

— -~ -m ————--—e- - Progress During Reporting Period. - Five instrument trees with heated vapor
sampling tubes have been fabricated for insertion into assumed leaker
e -—ferrocyanide tanks. All equipment and safety documentation supporting insertion
Tt “_“Uftnei:rees were cbmpiete&ﬂ\ﬁquaner Aninstrument tree was installed in
tank 241-BY-107 in April.

Installation of the instrument trees in the remaining assumed leaker tanks has
e m e e Gelayed-because of concern-about riser-availability for core sampling. Onee
CoTT an instrument tree is inserted into a riser, that riser is no longer available for
| R core sampling. Therefore, it is necessary that core sampling be performed

before installation of an instrument tree. However, core sampling and instrument
—-e—--- . tree instaliation schedules have not been finalized. and a decision to reguire core

sampling first is still pending.
A survey of available risers in the ferrocyanide tanks was begun this quarter.
. - “The riger inspection includes a historical review of instrumentation occupying
risers in the tanks, and physical inspection of the available risers for potential
blockage that may obstruct core sampling activities.

e — mstal.aﬁgq ef' TCuﬂee.. into 241-BX-102 has been uelayed because DOE

__mstallgt_lon of trecs_mto tanks on the Watch List is given higher priority.

S o= e e Pianned Work Tor Subsequent Montbs. Instrument trees will be installed into
B - the remaining assumed leaker tanks, probably after characterization is complete.
Additional instrument trees will be fabricated.

The survey of available risers for core sampling and instrument tree installation
77777777777 . ‘will be completed.

e —ees oo - Problem Avess-and-Action-Taken. - Installation of instrument trees has been
delayed pending decisions on whether characterization will be performed first.
A riser survey is being conducted to determine the number of risers available for
characierization and instrument tree installation.

¢ Milestone Status.

i -  September 30, 1994: Install nine instrument trees into assumed leaker
’ ~ferrocyanide tanks. “The number of instrument trees installed wiil be only
eight, because there are currently only eight remaining ferrocyanide tanks
o e oo {including 241-BX-102, which is pending removal) that require instrument

4-2



trees. This milestone also addresses the September 1994 TPA milestone
(M-40-02B), installation and operation of six instrument trees in

-—— —ferrocyanide tanks. This-milestone is behind schedule. - Once new core
sampling and instrument tree installation schedules are finalized, this
milestone will be rescheduled.

-  September 30, 1994: Develop criteria for upgraded temperature
monitoring capabilities in ferrocyanide tanks (TPA milestone M-40-02A).
-z ='Fhis milestone is on-schedule..- A draft of this. Teport was. submitted to the
Washington State Department of Ecology for review in April,

-— ——=— December 31, 1994: Complete installation of instrument trees in assumed
leaker tanks. Replace temperature-sensing elements in the remaining two
ferrocyanide tanks (241-BY-105 and -106) as necessary. Completion of
“this milestone will be delayed as discussed above: completion is now

. nvymfnrl hafara antnmhpr 1008

WANTA W MW Ak

~ This task determined the operability and accuracy of prevmusly installed TC elements in the

ongmzi éﬂrmocyamde Waich List tanks."-The originai‘and newiy instatied instrument trees
----------------- - provide temperature measurements for the ferroeyanide tanks.

"~ Field measurements were taken in 1951 oneach TC element in the then-existing trees to
determine the resistance and voltage across the junction and across each lead to ground. The
exact condition of each TC was determined by resistance and voltage measurements

.- {Bugsell 1092)  This work was completed in FY 1991 with a total of 265 TCs being
evaluated. Work in FY 1992 focused on repair and recovery of 92 TCs that were found to
be failed or marginal in performance. This task was completed in FY 1992.

SO S s fmﬁm@ﬁﬁﬁﬁm&m‘ldk Nﬁﬂmmw&m u.quuw or ;‘.415‘_-!5!1%{';
¢ Planned Work for Subsequent Months. None.

Problem Areas and Actions Taken, None,

¢ Milestone Status. This task is complete.

-4.1.3 Hoi Spoi Thermal-Modeling

D Radmacuvc materials decaying in Hanford Site wastuanks generate heat. A concern, raised
o ~when the ferrocyamée tanks first became a- Safet] Jaauc, has been whether an exothermic
- - - —excursion-and local propagation could occur within the ferrocyanide waste if a sufficient

I
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- - - --CORcentration of ferrocyanide and a high enough temperature were present. There are
usually only one or two instrument trees in each ferrocyanide tank, and the trees are not
always at the same location. Consequently, it is questionable whether abnormal heat
generation could exist in these tanks and not be detected. This task models and analyzes the

_ _____ __available temperature data from the ferrocyanide tanks in order to determine the heat load
-~ ————._.._ and temperatures as a function of depth and radial location. Sensitivity and parametric

-~ —— analyses are included to determine the magnitude of hot spots that would have to exist within

-~ .-the waste to reach propagation temperatures,

Shtate-nf-

—= - - S Y wrm

the-art validated computer codes are used in the modeling. They are benchmarked

e .- With existing data and employ two- and three-dimensional capabilities. Both steady-state and

v 2a s L

-~-{ransient ‘models are used. The inieni of ihis work is to determine accurate heat loads for

~ each ferrocyanide tank and to model hypothetical hot spots.

Progress During the Reporting Period. Analyses of tanks 241-BY-103, -105,

- =108, -107, -108, -110, -111, and 241-C-109 for heat load and thermal

characteristics was completed and a report of the results released this quarter
(McLaren 1994). The BY tanks have the highest anticipated heat loads (see

- -Table-A-1-in-Appendix A) of the tanks on the Ferrocyanide Watch List (Crowe

et al. 1993). Several refinements were incorporated from the original analyses,
including transient solutions and thermal conductivity measurements of the soil
surrounding the ferrocyanide tanks. Upper and lower limits for the estimated
heat loads are presented in the report. The maximum heat load of any
ferrocyanide tank is below 4.2 kW (14,300 Btu/hr).

Planned Work for Subsequent Months. The updated thermal heat transfer/heat
load model will be used to analyze the heat load and thermal characteristics of

.. the remaining Ferrocyanide Watch List tanks. The report on the remaining

~_analyses will be prepared and issued later in FY 1994.

Shpea s 8212 S0 RS

-] S

e — e - Thie 565pe- Of the- dryout position paper has been expanded to include discussion
—— ~—-on-additional dryout-mechanisms -and-ihe expetiments that provide ihe bases for

these discussions. The revised dryout position paper will be completed and

- —— - released next quarter,

- -——o =Probiem-Areas-and Action Taken. None.
-——eo-—Milestone Status.

== - Miny 31, 1994, Complete additionai anaiyses and issue an update of the
- --yeport Ferracyanide Safety. Program: Cradihility of Drying ous

Ferrocyanide Waste by Hot Spots (Dickinson et al. 1993), approved for

ST Ijhbltﬁﬁiﬁﬁjﬁ ~This effort was extended-to-the end of FY 1994 to inciude
discussion of additional dryout mechanisms and the results of experiments
that provide the bases for the discussions.

PN
&



WHC-EP-0474-13

- June 30, 1994, Complete thermal hydraulic analyses of heat loads for
eight fermcyamuc tanks (241-BY-103, -105, -106, -107, -108, -110, -111,

. ~—— " _and 241-C-109) and issue a report available to the public. This report was

issued on schedule (McLaren 1994).

—September 30, 1994, Complete thermal hydraulic analyses of heat loads
for all remaining ferrocyanide tanks and issue a report available to the
public. This milestone remains on schedule.

——4.1.4 Infrared Scanning Sysiem

Infrared (IR) scanning systems are commercially available from numerous vendors. These

B ,,,gystgms are sensitive to changes of +0.3 °C or less under ideal conditions, and offer
--— -—----—--promise for mapping m.'u"f"M temperature profiles in the ferrocyanide tanks. Thermal

" odeling performed on fefrocyanide tank 241-BY-104 suggested that if hot spots with
- - -—-—o-o— {emperatures- of -concem - are possible, surface temperature differences might be great enough

to be detected by infrared mapping.

— A position paper on the credibility of hot spots and the need for further IR scanning was
_ . completed and issued in April 1993 (Dickinson et al. 1993). This paper examined potential

~-—-----_concentration mechanisms and determined the degree of concentration required o produce

__temperatures high enough to drymafcnmyamde_mtc, _The paper concluded that such

concentrations were incredible. Based on this report, Westinghouse Hanford Company

_ recommended that no further planning be pursued for IR scans for the purpose of detectmg

hot spots.
---«~ -Progress During tirle Reporiing Period. None.

s - Planned Work-for Subsequent Months. A draft report on the infrared scans of
tank 241-S-110, Application of Infrared Imaging in Ferrocyanide Tanks,
(WHC-EP-0593) was submitted to DOE in January 1993. Approval to release

-.--thig repoﬁ_f‘nr ruthiie availahilitu ie nandina

A%FL yuvuv “'wmlJ 4 l.!wuuuls

-« Problem Areas and Action Taken. None.

——o——Milestone Status. None.
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LTI CRTINTIOTS TEMPERATIIRE >
- - 4.2 -CORTINUOUS TEMPERATURE MONITORING

*The temperature sensors referred to above [Recommendation 90-7.1] should have continuous
=== pepgrded readouts and alanms thai-wouid signal ai a permanenily manned location any
B abnormally high temperatures and any failed temperature instrumentation. *

_ This task provides continuous monitoring of presently installed (and operable) TCs for the
ferrocyamdetanks New instrument trees will be connected to the system as they are
installed into each tank, resulting in continuous monitoring of temperature in the ferrocyanide
tanks. All data are collected automatically at the continuously manned Computer Automated

—Surveillance System (CASS) Operator Control Station. The monitoring system is
independent of the CASS and capable of dxsplaymg data to an operator on request. Trend
data on selected points are available for display in numeric or graphic form.

- The-system, which became operational in September 1991, has the capacity to assign alarms
for a change in the value of any temperature point. Alarms, if they occur, trigger an audible
_  annunciator and are logged immediately to hard copy. An alarm summary display provides a
- list of the most recent ‘alarms in order of occurrence. Each alarm can be identified by point
and time of occurrence. Operator acknowledgement of the alarm will silence the audible
——- -~~~ -annunciator. Signal conditioning and multiplexing are performed locally at each tank. This
eliminates the need to transmit low-level signals to the tank farm boundary and reduces cable
runs. Electronic noise, extension wire corrosion, and thermal gradients are also reduced.

e Progress During Reporting Period. Construction was completed for BX, C,
and T Tank Farms this quarter. All ferrocyanide tanks with TCs are now
- oosm e - - connected-to the Tank Monitor-and Control System (TMACS) for temperature
B monitoring with the exception of some of the new trees installed in FY 1993 and
_ e _FY 1994. Temperatures are being monitored on a continuous basis.
¢ Planned Work For Subsequent Months. Connection of new instrument trees to
e TMACS will be made as soon as practical after the trees are installed.

s DProvicin Arcas and Action Taken. None.

-  September 30, 1994. Complete installation of TMACS for the four
ferrocyanidetanksinCFann, one tank in T Farm, and two tanks in
e . 5, ¢ rii.t"l'ﬁ ‘FE?‘GC"HHE&? tanks removed from the Watch List (Jﬁl-B}L llU,
241-BY-101, and 241—T-101), or pending removal (241-BX— 102 and -106)
T - sEsEsRssamas e - frony the-Ferrocyanide Watch List;-will be connecied in FY 1995. This
mllnetnnp wag ~nm nlnfﬂrl ﬂ'ne nlmr'rpr

3
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-  December 31, 1994. Complete installation of TMACS for new instrument
S _trees installed in FY 1994. The cemplcﬁon of TMACS installations is also
e - & TPA milestone (M-40-02). This milestone is behind schedule.

4.3 COVER GAS MODELING

*Instrumentation should also be installed to monitor the composition of cover gas in the
. __ tanks, 1o establish if flammable gas is present. "

4.3.1 Interim Flammable Gas Monitoring

The effort to conduct fianimabie and toxic gas monitoring and analyses in the ferrocyanide
tanks is contmumg Most of this effort was transferred to the Tank Vapor Issue Resolution
Program, which is coordinating interim gas monitoring of the ferrocyanide tanks, as well as
~— - ——those tanks involved with the tank vapor safety issue. Tank vapor spaces are measured for
~_ flammability using 8 commercial combustible gas monitor (calibrated with pentane gas), and
are monitored for potential toxic gases using an organic vapor monitor and Driger’ tubes as
required by the safety assessment and work procedures for a particular activity.

- ——Development- and-validation -of-alternative-technologies for vapor space characterizationare in
progress using SUMMA? canisters and specific absorption (Driiger™) tubes. The initial
vapor space sampling was done in several tank locations (i.e., from two widely separated
risers) and at three elevations in the vapor space. Review of the sample data indicated that

sampling from one riser was adequate; the number of sample elevations may be reduced in
the future.

I ¢ Progress During Reporting Period. Nine ferrocyanide tanks were vapor

) 77 T 7777 sampled this quarter, 241-BY-103, -104, -105, -106, -107, -108, -111,

241-C-109, and -112. Tank 241-BY-107 had a flammable gas concentration of

3 to 4% of the LEL and tank 241-BY-108 had a concentration of 1% of the
************* %**Thefemmng tanks contained less than 1% of the LEL. The highest

o T ammonia conicentrations were aiso found in tanks 241-BY-107, and -108,

approximately 700 and 97 ppm, respectively. Table A-2 in Appendix A provides

o gas analyses for the ferrocyanide tanks sampled to date.

e Planned Work For Subsequent Months. Flammable gas sampling and selected

LT T L NOKIOUS gas montioring wail continue, as required, fo support planned core

cnmnhna and incstrument trea inctallation

AS S S LA L LA AW &

¢ Problem Areas and Actions Taken. None,

Trademark of Dragerwerk Aktiengesellschaft, Inc., Lubeck, Germany.

- 3Trademark of Molectrics, Inc., Cleveland, Ohio.
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-  September 30, 1994. Complete vapor space sampling of remaining
- ——— —- ———— — ——— ferrocyanide tanks—as fequirw io support various field activities, This

i
e

mmmm T
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=

———_ -, September 30, 1995. Complete vapor space sampling of remaining
————— - ferrocyanide tanks. m&mleswﬁe addresses the November 1995 TPA

e o i L P Y oY s W v
IMUCSWIIC V1=V,

4.3.2 Continuous Gas Monitoring

Options for installing a gas monitoring capability on new instrument trees were reviewed and
a heated vapor sampling tube was added to the design of the remaining instrument trees to be
—======= ingtaliad-in iide-tanks These modifications will allow vapor space sampling on a
-l T D T continuous- oF- intermittent basis. - The first instrument tree incorporating the new deslgn was
- “ingtalied in tank 241-BY-107 in April 1994, The neéd for continuous gas monitoring is being
addressed in a study that also assesses the potential for cyclic ventmg and the possibility of
accumulating flammable gases.

The possibility that localized concentrations or stratification of gases exist in the tanks has
" ‘been evaluated. A modeling study to determine airflow patterns in the vapor space of
tank 241-C-109 was conducted to evaluate the amount of mixing and the local gas
~ 7~ concentrations that could occur.” The study revealed that the gases in the tank are well mixed
-—-—— -~ --and-follow-Graham’s law for gaseous diffusion; therefore, an analysis of a second tank was
considered unnecessary because of the well-mixed environment calculated for 241-C-109
(Wood 1993).

R --o.. . Progress During Reporting Period. A report evaluating possible sources of
— ——— —  flammable gases, including potential cyclic venting, was prepared this quarter
(Fowler and Graves 1994). The report concluded that continuous flammable gas

S oo T oI - o L'_':_'___I'___M!m}g m—fm’a}‘l}dg mks !s nOt wm@ bm on. (l) thc low
e e ccnwm'at'.un of flammable gases found to date; (2) ant1c1pated low ferrocyamde

241-C-109 and -112 showmg that the fuel ooncentrauon in the tanks is not as
e e oo - o high as postulated by flowsheet values and operating records; and (4) calculations
Y ) § b,,vdroam generation using realistic generation values and passive ventilation
S a.ssl_lmp't_ioas, The report will be released for public availability early next
quarter.

———— —————  —ePlanned Work For Subsequent Months. Pending DOE review, no further
work 1s planned in this area.

e Problem Areas and Actions Taken. None.

4-8
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e Milectone Statug,

, - March 31, 1994: Complete an evaluation report to determine which
------------- -gases; if-any; need to-be-continuously monitored-in selected ferrocyanide
tanks. A report was completed this quarter (Fowler and Graves 1994) and
will be cleared and issued in July 1994,

-  September 30, 1995: Develop and design continuous monitoring
equipment, if required.

~.-.. September 30, 1997: Install continuous gas monitoring equipment in six
tanks, if required.

4.:3.3 Tank Pressure Monitoring

Public Law 101-510 (1990) (Section 3137 - also known as the Wyden Amendment) requires
-—that-*. .- the Secretary of . E"g‘r;:; shall identify which single-shell tanks [Waich List]... may

- have a serious poteniial for release of h:gh-level waste due to uncontrolled increases of ...

o=~ pressure.-~Afiter compieiing such ideénsificaiion, the Secreiary shail determine whether

conanuou;mam:amgl.s being carried out to detect a rrlmv or excessive ... pressure at
each tank so identified. If such momranng u' not being carried out, as soon as practicable

Al o =L _TF & ___._T¢ __.__

TTmE .FB{._F‘”"F}’T""" WWWW!Uﬁng

- The ferrocyanide tanks were mxtially identified as having "a serious potential for release” and

—=—~~ - were placed on the Watch List; however, pressure monitoring capability does not presently

exist for the tanks. It would take several years for pressure monitoring instrumentation to be
installed and connected to a continuously manned location, because of the capital project time

S gycle Sufficient knowledge on the safety of the Ferrocyanide Watch List tanks exists at this

—time-such-that the USQ has been closed (see Section 4.0). Because of waste aging, it is very

S Jlkelyjhat_all of the ferrocyanide tanks now contain less than the & wt% sodium nickel

ferrocyanide specified in the fuel criterion for the SAFE category (see also Postma et al.
‘1994, 1tis anticipated that characterization (core sampling and data interpretation) will

---place- ad of the-tanks-inte-the SAFE category; because -of the low fuel value remaining.

Placement of the tanks into the SAFE category means the tanks are candidates for removal
from the Ferrocyanide Watch List. This would eliminate the need for continuous pressure

—fmﬁnitonnﬁ for- on-p:ases ‘Tom*«ﬂ‘m:wvmuuc reaction.

_ o 7 Progress During Keporting Period. A summary of the rationale for not
installing pressure monitors in ferrocyanide tanks is presently being prepared.
Low gas generanon rates (Fowler and Graves 1994), and the low potential for

S es——- oo - - - -gxothermic ferrocyanide reactions (Posima et al. 1994) indicate that continuous

pressure monitoring is not warranted,




o=t e __Plsuned Work For Subsequent Months, Complete summary of the rationale
. _for not installing pressure monitoring in ferrocyanide tanks, and submit
recommendations to DOE.

e Milestone Status.

- July 29, 1994. Complete studies to determine whether continuous pressure
monitoring is required for some or all ferrocyanide tanks. This milestone
remains on schedule.

- September 30, 1995. Install the first phase of pressure monitoring
ingtrumentation, if required.

e — = Sep'ter‘ubef 30, 1996. Install pressure monitoring instrumentation and
S __readout cana_bﬂ.uy on all applicable ferrocyanide tanks, if required.

4.4 FERROCYANIDE WASTE CHARACTERIZATION

o 2 -~ *The-program-of sampling-the consenis of these tanks should be grearly accele mea' The
- pmposea schedule witereby anaiysis of two-core samples from each single-shell ta ..'c is to be

s 0

L.l - completed by September s seriousiy inadequaie_in fighr of the unmmmtz-s to safery
. qf these tanks. Funhermom, addirional samples are required at several radu and al a range
S —of elevations for the tanks comaining substantial-amounis of ferrocyanide. *

-~ - --—~—Characterization of the waste in the ferrocyanide tanks-is necessary to: (1) guide further
S __chemical mnnmsmdmmﬂl the ferrocyanide waste simulants; (2) determine actual waste
il ——;.nemtca and physicai pmpemes, (3) determine how the ferrocyamde waste can be safely
7;?,,, - _.stored in sifu, and classify the tanks by safety category accordingiy, until retrieval and

, dlsposal achons are comoleted and (4) apply the study results to the final remediation of the

-ow - - -The important reactive materials present in the ferrocyamde tanks are fuel (ferrocyanides,
... sulfides, and reduced carbon species such as organic complexants), oxidants (nitrates and
mtntes), and inerts or diluents (including phosphates, aluminates, sulfates, carbonates,
e =o - 0XI0ES,-and-hydrexides).. The location of fission products such as **'Cs and *Sr is important
because these products are heat sources and potential source terms in postulated radiological
--—--Teleases from a laypothcu.alufs.,wy,md.-mc_m _The water content of the waste is very

S— lmpcﬂantbecause water's high heat capacxry and vaporization heat make it an effective
e ﬁéﬁiﬂg maieriai; “Waier can preveni a susiained compusion or a propagating reaction: wet
. ferrocyanide material would require drying before it could react or propagate.
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4.4.1 Core Sampling and Analyses

Core Sampling. Both rotary-mode and push-mode core sampling capabilities will be used to
obtain core samples from the Watch List tanks. Tanks without saltcake and with relatively
soft waste solids can be core sampled by the push-mode method. If a hard saitcake layer is

_ __________ present, rotary-mode core sampling will be used. The first ferrocyanide tank scheduled for
rotary-mode core sampling is 24i-BY-106.

. Each core consists of several 48-cm (19-in.) segments (or portions thereof) depending on the
- dep&h of the waste in the tank. - The sludge layer in-these cores will be divided into four
et --12-cm (4.75-in,) subsegments for each 48-cm segment, If the tank contains a saltcake layer,
the saltcake segments will be divided into only two subsegments., Process flowsheet
knowledge, tank historical data, and results obtained from tests with ferrocyanide sludge
- - z==gimulgats-are-used {o_supplement. the-analytical results from core sampling,

- _.._The priority for sampling ferrocyanide tanks has been changed to reflect the need to
e ___determine the reactive properties of the contents. In response to DNFSB
i ____i%mmgﬂ 93-5to expedite sampling andazialysgs required to-address safety issues in
- - the Hanford Site ‘Watch List tanks, the analysis plans for future ferrocyanide tank core
samples (and the plans for other Watch List tanks) have been revised. The Watch List tanks
" """ 'have been given priority for core sampiing, and the number of required anaiytes was reduced
i ‘and refocused on safety-related properties.

¢ Progress During Reporting Period. A total of four attempts were made this
e __w_,quartgzmpusl; -mode_core sample tanks 241-C-108 and -111. All of the attempts
resulted in low core recoveries. Core samples 58, 59, and 60 from tank
241-C-111 contained 26.5 grams (~3.8 ¢m [1.5 in.) ofan anticipated 23 cm
S [9 in.]), 1.7 grams (anticipated 20 cm (8 in.]), and 19.7 grams (~2.5 cm [1 in.]
of an anticipated 15 ¢m {6 in.]) of material, respectively. Similarly, core
recovery for tank 241-C-108 was less than 20 grams (~2.5 cm [1 in.]).

— ——==————Although core recovery was not adequate to divide the samples into quarter
~_segments, some analyses were performed on cores 58 and 59. Core 58 contained
~ - - .. .-asmall rock, with a_mass of approximately 8 grams...The remaining sample
e e e contained 32 wt% water and an exotherm of -13 cal/g {on a dry basis). Core 59
. contained 1.7 grams of off-white, crust-like material, ' This samplé contained no
" . . exotherm and is believed to-be composed primarily. of aluminum hydroxide.
oo Core 60 was archived and no analyses are planned for this sample at this time.
-~~~ Results from limited analyses of the 20 grams of material from tank 241-C-108
are pending.

Because of poor recovery during push-mode core sampling, the sampler design is
bez.ﬂg modified and tested. Testing on simulants revealed poor recovery when
‘the surface material is oonmderably harder than the material beneath it.

™ __ L

oo eee—s - Parameters being-tested include-drill-bit-design; -hand totation of the sampler,
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~ o oo velocity of the sampler through the waste, and impact of the sampler with the
e e oo Wpste-suFface,  In-tank testine of the sampler should be completed next guarter.

. While testing of the push-mode core sampler is being conducted, tank 241-C-111
- will be auger sﬁmpied Because the safety criteria are applied on a quarter
e e —segment basis (.e., 12-cm [[4.75-in.] layers), samples will be taken in successive
e 12cm incremeats. The. auger_ shroud will be left in place and the auger will be
. ee--—7t---gropped-down-the-same ficle during each sampling. - Observations of waste
C T LT -*extraﬁieﬁ -Quring push-mode samipling-suggest-the waste in-this-tank-is rigid, and
will not readily slump into the hole created by the auger.
7777 77 e [Pianned Work For Subsequent Months. When redesign and testing of the
push-mode core sampler is completed, tank 241-C-108 will be re-sampled,
--.—Rotary-mode core sampling of the first ferrocyanide tank (2,41-BY-106) has _been
o ) tenlatlvely re-scheduled for September Access to one of the risers in Tank 241-
S e - BY-104-requires-construction of an elevated ramp for the rotary-mode truck.
S e 'Hmnmp will not be available hnn} carly next FY. Rotary-mode sampling was

e A Vol L o Tt T R

LTI T T ﬂﬁm V S !‘Iﬂllllﬂl 10T rﬂmnlgn(_‘_ﬂ :p_ Mﬂv-

oReT T eI Ie T e _:_':'_':_'.::':.'.‘.'_%ﬁtdam:iﬂm i fe‘ﬁfi fc:h-A—MllT'lm w"-L becafﬂplet... in A‘Jg‘dst
1994, The ferrocyanide Data Quality Objectives (DQQ) document (Buck et al.
1993) has been updated and will be re-released next quarter as a Westinghouse

~ Hanford Company Supporting Document (SD). Because the DQO report is a

iiving document and may receive several revisions, the SD format allows the

‘eeee i ._ ______.___Hanford analytical laboratories to quickly retrieve the most current version for
their use. '

T I e Problem Aress and Actions Taken. - Push-mode- samplmg of .errcc:,'aade tanks
- - = —241-C-108 and-111 resulted-in-poorcore recovery. As a result, the push-mode
sampler is being re-designed and tested. An in-tank test should be completed

S | - | ﬁljﬁlﬁ@f. While design and testing are being conducted, auger samples will

8
§

-  February 28, 1994: Complete interpretation of ferrocyanide
tank 241-T-107 analytical data and issue a report cleared for public release.
This milestone was deferred to August 15, 1994, because of difficulty in
interpreting the limited data from core samples with low recovery.

-  September 30, 1994: Obtain full-length push-mode core samples from
- - —— —two ferrocyanide tanks (241-C-111 and -C-108). This milestone may be
e .- ~Gelaved-becanse-of the problems-encountered-with pushemode core

R camnline nf thaca Mnlpn
.‘.lcuupuus Ui Ui LD
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T 7 T 777 7 - September 30, 1994: Obtain fuil-length rotary-mode core samples from
three ferrocyamde tanks (241-BY-106 -105 and - 108) Completion of this
core sampler was not mdy in April as ongmally planned. Tank
241-BY-106 will be sampled first (rather than 241-BY-104) in September
1994,

- September 30, 1995: Obtain full-length rotary-mode core samples from
~ the remaining ferrocyanide tanks.

e _ ___March 31, 1995: Complete data interpretation reports, for public release,
- — —for five ferrocyanide tar tanks (241-C-108, -111, 241-BY-106, -105, and
S Lj0B).. f:gmglgn tion of this miiestone has slipped because of delays in
obtaining core samples. A new date will be set after successful operation
of the rotary-mode core sampling truck.

- ———— -« June 28,1996:- Compleic data inwrpretation reports, available for public

- mmanm i tan i a Lminnn o — o, -

e e e - — releasa;for the remaining fefrocyanide {anks.

Fourier Transform Infrared Spectroscopy Analyses. Fourier Transform Infrared (FTIR)
S .:_a-“gesﬁemp -ig rapidly-becoming. the methad of chaics for domanding apnlications such ag
__ _in situ and remote characterization of highly toxic and hazardous materials, Recent
e deve!opmwts in FTIR-hased fiber optic spectroscopy have provided a new methodology to
chemically characterize ferrocyanide-bearing waste. Chemometrics and microprocessors that
__allow storage and rapid analyses of data have s1gmﬁcantly contributed to the development of

state-af-the.art fiher n'r\hr‘ nrnhne

° Progross Durmg Reporting Period. Some of the Founer transform infrared-
smmee e - == —‘Sﬁéeﬁ'aﬁﬁﬁpie {FTIR-PAS) tﬂﬂﬂﬁlugy deveioped ai the Ames
T T iabarawry, Iowa State University, was transferred to Westinghouse Hanford
Company this quarter. To facilitate this technology transfer, similar
instrumentation (FTIR-PAS spectrometer and photoacoustic cell) has been
~ purchased by the 2225 Laboratory. The FTIR system is capable of sample
o examination from the far infrared to the ultraviolet regions of the light spectrum.
- ~—-- It can also perform in-scan co-addition with scanning rates of 25 to 800 hertz.

e e --During. this initial phase of technology transfer, collection and treatment of the

e ——————‘pectrai data were performed using the FTIR vendor’s sofiware. However,

———— —— ——— -~ “Ames Laboratory has developed a rapid and automaied method for the
simultaneous determination of sulfates, phosphates and nitrates. Work on the

— e - gpfhuaTe-15 Mmeanure the &.!’me}'-'-mdﬂ content-is in progress.

e Planned Work For Subsequent Months. Develop ferrocyanide analytical
- software and complete technology transfer from Ames Laboratory.

ES
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Problem Areas and Actions Taken. None.

»

Milestone Status.

e e ——— — — o July 30, 1954: Provide an interim letter report on the status of FTIR
o ' ‘system performance in analyzing simulants and actual waste material. This

tagk is on schedule,

oo imee - -n . _September 30, 1994: Issue a publicly available progress report on
- Tz s T RY 1904 FTIR -work. with. recommendations on future work.  This
milestone is on schedule.

-  September 30, 1995: Issue a final report on FTIR technology
-~~~ development and demonstration, if warranied.

e -~ Beptember 30, 1996: - Deploy an i sity FTIR system, if warranted

o

Cetimation of Moicture Content

_ N
e iy e iy W T — ————"

da

-~ - . Methads for determining moisture concentrations in ferrocyanide waste tanks are being

_ developed using data analysis and available surveillance systems. Two ir sity moisture
monitoring technologies are currently being investigated by the Ferrocyanide Safety Program:
neutron diffusion and NIR spectroscopy. Additional moisture monitoring technologies, such
as copper foil activation, phase change thermal measurements, electrical conductivity, and

" time domain refiecfometry, are being evaiuated by other programs.

Neutron Diffusion. Well-logging techniques, coupled with computer modeling, are being
applied to neutron diffusion technology to determine information about moisture levels,
maierial interfaces, and other waste characteristics in the ferrocyanide tanks. Development
_ of an improved neutron-diffusion-based detector system began this FY. This improved
T wc:trmque woaid- pnmarxlrbe used to-determine-the axiat moisture concentration profile
—ooee o - ---within the ferrocyanide tanks

—-—— "==—=——"Molsture-measirement-using neutron-diffusion is an-established technology. The technigue
77 =~ -—-uses-a neutron source-and -one-or-more neutron detectors. - The thermal neutrons reaching a
o “detector originate as fast neutrons from the source and are siowed or absorbed by the
medium. Because hydrogen atoms are very effective at slowing down neutrons, the detector
response is a strong function of the surrounding moisture concentration.

Two methods are generally used in the measurement of moisture concentration around wells
using neutron diffusion. The first method, the moisture gauge, has a short source-to-detector
- -~ ~-gpacinj -on-the-order-af O (the source is piaced ina ring around the detecior) to 6 cm [2 in.].
- ------ The-tesponse of a moisture gauge is characterized by an increase in detector response with -
=== -inereasing moisture concentration of the surrounding medium. The second method, the
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e e Vst

“neutron log, often has two detectors with longer source-to-detector spacings (20 to 50 cm

{8 to 20-in.]). ‘The detectors in a neuiron log arrangement exhibit a decreased response to

- increased-moisture concentrations. - The detector placed. at the shorter spacing is used to
correct the response of the longer-spaced detector for borehole effects.

The source-to-detector spacing of the existing probe may be adjusted with the addition of a

source eéxtender. ‘Computer modeling of the existing neutron probe system revealed that, in

its current configuration, it responds most like a moisture gauge. The probe will operate as
a neutron log with the addition of a source extender.

e el g

-Progress During Reporting Period. Neutron detectors from two manufacturers

- -{LND, Inc.-and Nancy Woods Laboratory, Inc.} were tested and compared this

quarter using a Cf-252 neutron source. The alpha-particie energy resolution and
optimum operating voltages were determined for the probes. The detectors

_supplied by LND offered the best energy resolution and operate at lower voltages

than the Nancy Woods detectors. The Nancy Woods detectors produced a larger
average pulse height signal.

“The detectors were subjected to gamma ray fields comparable to those expected

in the ferrocyanide tanks. "An Ir-192 gamma source was used fo provide gamma

" ‘exposure rates of up io aboui 360 Rad per hour (Rad/h) on the probe housing

containing the detector. All of the detectors were operable in this radiation

e e Joacx'gmimd however, the LND ‘etectors seemed to be more effective at

- discriminating against the signal coming from gamma rays.

Thermoluminescent dosimeters were lowered into the liquid observation wells
(LOWs) of three ferrocyanide tanks (241-BY-104, -110, and 241-TX-118) to
measure the ambient gamma dose rates. The maximum measured gamma dose
rate was 379 Rad/h, but the typical dose rate in most of thc waste was between
50 and 150 Rad/h.

'Preparaiion' of a neutronically equivalent simulant containing 25 wt% water (all
cheon:::l_v bound to t_he oonstltuent compounds) was completed tlus quarter. The

and maintained by using compounds with bound water. This m01sture standard

R ,,,;,,,,, ~ . will be used to help complete moisture response calibrations using the new

neu |f__rnn nmbes

Fianned Work for Subsequent Months. Final tests will be performed on the
completed neutron probe prototypes. These tests will include moisture response
calibrations with known-moisture-content ferrocyanide waste simulants. Two
additional moisture simuiants will be prepared containing about 15 and 20 wt%

water. Computer modeling will be performed to compare calculated predictions
with the measurements. These same computer models will then be adapted to

__perform tank waste modeling. Results of the tank waste modeling will assist
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it -with interpretations of prototype tank scans yet to be performed. Initial test
__ . scans of ferrocyanide tanks using the prototype probes are expected to begin in
July 1994,

soTem osmmes Les s o= Provien Areas and Aciion Taken, - The poteniial existence of material
anomalies near the LOW, such as air gaps between the LOW and surrounding
waste materials, will affect moisture measurements from within the LOW,

" Better ways of identifying anomalies and methods to correct moisture
measurements for anomalies continue to be investigated. Neutron probes will be
tested in simulants duplicating some of the potential anomalies. Modeling and
testing will be combined to produce a computer code that will automatically
“process the daia to give a best estimate of the waste moisture concentration.

¢ Milestone Status.

September 30, 1994: Provide a documented working prototype neutron

T T T T __Pm S}’SECI]'I for moisture IﬂOIllIDl'lIlg

- September 30, 1995: Complete installation and deployment of the first
phase of the neutron moisture monitoring system and initiate monitoring.

- September 30, 1996: Complete installation and deployment of the neutron
e -ThORSIITS- MODItOFNG System- for-routine - monitoring-in férrocyanide tanks,

f;;_———_—:ffm r-Infrared Spectroscopy. Infrared spectroscopy of samples containing water is normally
- - dominated by strong absorption from the water molecules. The s!zergﬂwf this absorption is
e ""**sufﬁcimtto“deteﬂnine the water content from the back-scattered light from the surface. In
S this application, the near infrared 1.4 to 1.5 x 10%-m region is being investigated for
moisture determination in tank waste materials. This optical band, in addition to having a
e - strong sensitivity to-water; can be instrumented with conventional optical fibers, windows,
and lens components.

- —-Forf waste tank applications, two methods of implementing NIR absorption are being
e :1&ﬁszesti§aﬁ - Dodi-approaches-use back-seattered NIR encigy and wavelength procassing to
Sl exiract moisture data. The first method uses an NIR spectroscopy system with a remote
_ _____ __fiber optic probe that makes a point moisture measurement. _This syﬂtem could be denloyed
S ;;;};;_7.Lygmrpeg:;mm,&sr£_s&rfamfmningAnn? such. as the light-duiy utility arm being
—- -- - --—— developed for early in sifu tank invesiigations. Deployment as a contact or non-contact
] ~——=sensor-is-possible: since-window and lens components: are-available for-the NIR optical
S region. The second implementation method being investigated is a non-contact remote
—-—--- —-— -cafmera-witha sensitive NIR detector and powerful NIR source that will measure moisture of
- - -3 point from a large lift-off distance. By scanning this point over the waste surface, moisture
data can be obtained, in much the same way that temperature contours are obtained using
thermal cameras.
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- ) A contract is in place with the University of Washington’s Center for Process Analytical
Chemistry (CPAC) to study infrared spectroscopy as a tool for in siru moisture monitoring.
Phase 1 of the study evaluated potential characterization using several light frequencies

Zoinior (visible, NIR, and mid-infrared) and concluded that NIR possessed the greatest potential

~ (Reich and Veltkamp 1993).

¢ Progress During Reporting Period. CPAC completed Phase 2 work on NIR
moisture monitoring technology this quarter. This study showed that for a
tank-scale demonstration of the remote, non-contact camera concept, there is
adequate sensitivity to consider a non-contact, camera-type moisture sensing
i ~___ __system. However, initial atmospheric absorption analysis indicated that the
S e oo - abS0rption-by- the-vapor-space meisture will strongly impact any type of
o “open-path" moisture measurement. Absorption is a function of the volume of
water encountered by an optical beam. This is a function of both the relative
e humidity (water concentration) and the path length in the vapor space area.

oo oo —o—Moisture-sensing- with- fiber optic probes does not have ihis sensitivity because

__.__the “free” optical path lengths are insignificant (on the order of 2.5 to 5.0 cm

(1 to 2in.), versus 3 to 46 m for the "open path® concept). Additional studies
S are in progress to quantify the potential impact on sensing accuracy and to
identify possible concepts for mitigation of this interference.

The Phase 2 CPAC work (Reich and Veltkamp 1994) also showed that particle
size and chemical changes in the waste increase the measurement error, but it is

-~ Still possible to obtain moisture readings within-a-+ 5 wt% accuracy envelope
using the reflectance spectrum. If these interferences are part of the test data
used to develop the partial least squares calibration, CPAC has shown that the
error envelope is smaller.

Software and system hardware problems have slowed testing of the Savannah
oo emmmem—— River Laboratory-(SRL) NIR moisture system. Malfunctioning hardware
components have prohibited system operation, while errors in software have
~ impacted the ability to acquire good spectra, and are preventing the system from
being calibrated and tested. This will delay, by approximately two months,
~transferring the SRL NIR system to the hot cell for testing. Initial testing has
‘indicated that the original calibration was limited to a 0 to 24 wt% moisture
* content, which is not adequate for the range anticipated for actual waste samples.

£
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---Parned Werk for Subseguent Months. Operational documentation for the
—SRL system will be completed to support cold and hot cell system operation.

The calibration and testing of the NIR system with pure materials and simulants
will be compieted. Based on these test results, a decision will be made on the

- -gtatus-of the NIR and its potential ability to be used for the hot cell testing of
archived wastgtankmatenals CPAC w:.ll complete a Phase 3 work scope to

et ____mﬁimmremmmnaepﬁjnm tanks, - Fiber optic probe svsterns are not
- - - -affected by this because of their short "free" path lengths. chever, with the

L]

“investigaté the NIR moisture performance of T Plant simulants. Concepts for

mmgatmg the absorption from the moisture in the tank vapor space will also be

- Frobiem Areas and Aciion Taken. To acceierate coid and hot testing, a second

SRL NIR spectroscopy system has been obtained. System operating
documentation is being prepared to support the future operation of this

_ measurement system, and some spare system components have been purchased.

Moisture in the tank vapor space is a strong interference for using *open-path”

'6pén pa:h" camera conccpts the optical path in the vapor space can approach
46 m. With high moistire levels (over 50% relative ‘humidity), the attenuation
of an NIR optical beam crossmg the tank vapor space is agmﬁcant in
comparison with the changes in surface reflectance. Potential concepts for
_mitigating this absorption are being investigated before proceeding with a

- Scale-up demonsiration.

L A -

- = March 31, 1994: Complete the Phase 2 surface monitoring interference
study/scale up report. Work on this milestone was completed this quarter,
and will be reported in two separate documents. The first of these reports
(Reich and Veltkamp 1994) was published in June 1994 and the second will
be published early next quarter.

- August 31, 1994: Complete Phase 3 surface monitoring work and provide
a report.

- September 30, 1995: Complete the surface moisture measuring
" . _developmeént work and the in-tank demonstration test.

- September 30, 1996: Initiate installation of surface moisture monitoring
equipment if the demonstration test is successful and the need is warranted.

e —— Septembe. 3@ 1995' “omplete-installation of the surface moisture

=9

.
I4nn:
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______ 4.4.3 Preparation and Characterization of Ferrocyanide Waste Simulants

Ferrocyanide waste precipitates are being prepared and analyzedtodetemﬁneﬂle
- composition, physical properties,-and-chemical-reaction-properties-of simulanis thai represent
- —-- ferrocyanide waste stored in SSTs. The analytical results from these simulants, along with
analyses of actual tank waste samples, waste tank monitoring, and waste modeling, provide
information to characterize with a great deal of assurance safety concerns relating to the
sludge in each of the ferrocyanide tanks.

- Five waste simulants {(without radioactive species) are being used to represeni ihe variety of
wast.rgiodsc& in-the-mid-1950s-and-stored-in-SSTs.- Ferrocyanide waste produced at the
—m Harord—UPlaaus'epresmtedbyUP.ant}ardUPLmHﬁt mixtures. The U Plant 1
- —— - wastz-simulant represents 41-of 59 -batches and-the U Plant 2 simulant represents 9 of 59

batches of U Plant waste. The average U Plant batch volume was about 2,300,000 L. The

other nine batches of U Plant waste are expected to have a ferrocyanide concentration
- -between that of U Plant 1 and U Plant 2. ‘A test mixture representing these batches will not
be prepared and tested.

===~~~ ——The In Farm fiowsheet waste (in four C Farm tanks) is represenied by In Farm 1 and
‘ In Farm 2 test mixtures. The In Farm 1 test mixture is representative of one batch (expected
- --— -— to-have-the greatest ferrocyanide concentration) of the 29 In Farm batches processed in the
1950s. In Farm 2 is representative of 11 intermediate ferrocyanide concentration batches of
the 29 In Farm batches. An average-sized In Farm batch was approximately 1,500,000 L.,
~ It should also be noted that 6 of these 29 scavenging batches did not contain any
- ee..oferrocyanide, but sodium. sulfide was added to enhance. precipitation of “Co.

A T Plant simulant was also prepared for testing to represent the six T Plant batches
produced. An average sized T Plant batch was 2,098,000 L. The T Plant ferrocyanide
sludge is stored in three TY Farm tanks.

== - - ----Three main adjustments from-the actual processes used in-the 1950s were made in the
o — . laboratory scavenging preparation method to provide waste simulants representative of
ferrocyanide sludges These changes are as follows (1) the solution oonoennations were

- - hme in- thﬂ waste by radiolysis o ﬂf nitrate; (2) the waste slmulants prepared for
L _shamcr.cnmnonno not contain. mdmcnycmpmscminicmalwa_fe because of the
- difficulty in working with radioactive materials and (3) the settled waste simulants from the

___ mimic an equivalent 30-year settling period.

_ The moisture content of ferrocyanide sludge is very important in the exothermic reaction

— -~ behavior of ferrocyanide/nitrate-nitrite mixtures. Studies are underway to evaluate the
moisture retention properties of ferrocyanide simulants as they relate to possible waste tank
leaks, tank stabilization by pumping, and possible evaporation from exposed surfaces.
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o . .__'»___ Progress During Repnorting Period. Three experiments have been conducted to
determine the capability of simulant sludge to retain water against the pull of
gravity, and thereby the material’s resistance to dryout by drainage. The

— ,sx_peumenuarc‘ fl)dm_naggfmmazo—cm (8-in.)-long column of In Farm 2

T - *:’"”:;*:”ﬁ?ﬁﬁiﬁ:; tio} cen ganm of In Farm 2 simulant at v'al'iuua yavuy \5} } forces in
et oo -p-figbe with-an-open-end-fritted-glass filler; and (3) expulsion of supernatant from
i e e - U Plant 1-simulant in- 2T Tempe! cell with applied air pressure.

-----——————*—'—f*v}nqaﬁ three experiments, the loss of supernatant volume from the simulant
) ____samples was associated with an equal reduction of bulk volume. This occurred
e - regardiess of whether the supernatant was expelled by (1) natural drainage, (2)
.~ _increased g force, or (3) applied air pressure. Because the samples remained
Liquid-saturated during shrinkage, the simulants lost water through a process
B called consolidation. Consolidation is the shrinking (collapse) of the volume of a
“LI.lf.lo. . porous medium by an applied load. - In the draining small column, the load was
T produced by the sample’s self-weight.

. Figure 4-1 shows the consolidation curve calculated for In Farm 2 simulant from
Cm- S IS-T .- .. CEniFITUge measurements at 1, 10, 20, 50, 100, and 2000 g’s. A curve is fitted
through the measured points to estimate values between actual measurements,
and to make interpolation possible. Over a void ratio of 3.4 to nearly 1, In
__Farm simulant changed water content from 52 to 34 wt%.

7 *Trademark of Soii Moisture Equipment Corporation, Santa Barbara, California.
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Figure 4-1. Consolidation Curve for In Farm 2 Simulant (Centrifuge Tests)
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e Figure 4-2 shows the consolidation curve obtained for U Plant 1 simulant,
Results are presented directly in terms of wt% water instead of void ratio, by
using a conversion. The actual curve in terms of void ratio is nearly linear on a

~ logarithmic scale for effective stress head.
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~ Figure 4-2, Consolidation Curve for U Plant 1 Simulant (Tempe™ Cell Tests)
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S .T..Ti..7. ... A smail column of In Farm Z simuiant with an open bottom (sludge retained by
screen and a porous filter paper) has drained for nearly two years. Originally,
the experiment was set up to determine how dry a sludge sample would become

— if allowed to drain freely under gravity. The mass of the drained supernatant has

S ) " been_ aecumulatea and measumcmver time, With ﬂus mformannn and the

liquid content in the column can be calculated (Flgure 4-3).

—————————— In Figure 4-3,-the volumetric liquid-content appears to approach- asymptotically a
7 7 lower limit of 61 10 60 vol%. By using the consolidation characteristic of
- emenzmE Figﬁfe#-} the-average voith ratio for-attaining equilibrium-with an open botiom
is about 2.6, corresponding to 59 vol%. This indicates that dramage is now
-~ —approaching completion. However, consolidation theory suggests that the
oo ee- oo - drainage could continue indefinitely at a very diminished rate.

For the two years of drainage data obtained thus far, the exponential drainage
model fits the trend well. However, in this small column experiment the change
e o in-void ratic ef water-content-was not as-large-as might occur in a much larger
—o—ow oo oo SizeSysient that would have greater effective stress. To verify the model further
e e ce-itnf-ugatien tests were conducted on the In Farm 2 simulant contained in the
small column,

y
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~ Figure 4-3. Volumetric Liquid Content of In Farm 2 Simulant (Small Column Test)
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content in the samples The samples were driven from 45 to about 37 wt%

- - — - - water in-only-10 hours.- The lowest values correspond well with the
consolidation curve in Figure 4-1, even though a different sample of In Farm 2
simulant was tested. This indicates that the simulants drain via consolidation
regardless of the source of pressure (self weight, centrifugation, or applied air
pressure).

.~ .- . The important observation from this work is that the simulants drair by the
mechanism of consolidation, while remaining liquid saturated. - The point at
R -=which-simulants become de-saturated has not been discovered by the tests
e e ..._.._....-completed.to.date, -Consolidation results in the greatest liguid loss at the bottom
- e — - -2 the-Jeast reduction in water content at the surface. Therefore, the drainage
behavior in sludge is opposite to that in a rigid porous medium, such as sand or
. ___ saltcake. The simulants retain considerable water even though some amount can
= ——-—— - -be-drained by-gravity.- Direct measurement of the consolidation characteristic of
s - - ooactual waste is essential to predict the water retention capability of the sludge.
Centrifugation is perhaps the fastest and most efficient way to test the hydraulic
properties of sludges with only a small sample. Centrifugation also allows for
oe o~ ... testing aver a preater range of effective stress in the least time.
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Figure 4-4. Water Content of In Farm 2 Sample Subjected to 500 Gravities
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¢ Planned Work for Subsequent Months, _Mggleling of the drainage properties of
- me'simmants and cmtrifugation tests will continue. The effects of relatwe

n report on the three methods used for drying the ferrocyanide waste simulants

. _rmToD_— ﬁnﬂ -——--__l
S Wil v Pivpaiva aiiud 1S3UCU.

e Problem Areas and Actions Taken. None.
e Milestone Status.

- March 31, 1994: Issue a report, available to the public, on the evaluation
o of the three waste simulant drying methods. - Because of data interpretation
difficulties, a decision was made to repeat some of the moisture analyses.

_ The analyses were completed this quarter and a report will be published
I next quarier.

- May 31, 1994: Issue a report, available to the public, on the chemical and
77777777777 e physical properties of the T Plant ferrocyanide waste simulani. A report
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on testing of T Plant material was released ahead of schedule (Fauske and
Jeppson 1994).

. ..« September 30, 1994: Complete drainage tests on ferrocyanide waste
I " “simuldnts and issue a publiciy availabie report on modeling and moisture
retention by ferrocyanide sludge. This milestone remains on schedule.

< Sepiember 30, 1994: Issue a publicly availabie report on the efiecis of
relative hurmdlty on moisture retention in ferrocyanide waste. This

-ulnefnnn ramaine nn aerhadnla
LGOI Iviidlils Uil SAviibAiuIG,

“The schedule for the program on study of the chemical properties and explosive behavior of
************ the waste in these tanks is indefinite and does noi reflect ihe urgent need for a comprehensive
-~~~ -gnd definitive assessment of the probability of a violeni chemical reaciion. The study should
__________ be_extended 1o other metallic compounds of ferrocyanide_that are known or believed to be
present in the anks, so that conclusions can be generalized as to the range of temperature
and other properties needed for a rapid chemical reaction with sodium nitrate. "

— - - -Chemical reaction studies on ferrocyanide waste simulants are being conducted by

__ _—____ Westinghouse Hanford Company, Fauske and_Associates, Inc. (FAT), PNL, and Los Alamos
~_National Laboratory (LANL). Westinghouse Hanford Company and PNL have produced
flowsheet simulant materials for testing and characterization. FAI is conductmg adiabatic

-—— --—-— -—-calorimetry and propagation tests on these same flowsheet materials. The test program at
LANIL, was completed in FY 1993,

et

e 8,81 Chemical Reaction Studies at Pacific Northwest Laboratory

Chemical reaction studies are continuing at PNL using flowsheet simulant materials. Waste

studies addressing DNFSB Recommendation 90-7.5 were conducted to determine: (1) aging
-~ ——- —-——effects of more than 35 years of storage in the tanks; (2) the speciation of ¢yanides found in

the actual tank waste; (3) the solublhty of sodium and cesium nickel ferrocyanides and (4)

—sludge w:t.h caust'.c w‘uﬂem added to the mﬂ.ks during tank operations.

LD o LITToDIoT T _'——-——-—’ Dwnm “I TR E “"-‘--“-"‘—- !-‘2. A RE
—_— == 75.—!”5!—“3—““17!!*—..!\1?-“!‘“% A BB ALF

Aging Studies. Additional work to determine the effect of temperature on the
hydrolysis rate of In Farm 1 simulant in a gamma field was completed during the
- ---—quarter -The experiments were conducted using 0.5 grams of In Farm 1
LT - “gimulant-in 24 sodium-hydroxide, irradiated with gamma-at 1 x-10* Rad/h and
heated to 50, 70, and 90 °C, respectively. Samples were analyzed for ammonia
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and the results are shown in Figure 4-5. The rate of ammonia production (M in
I solunon}um,hly dependent on temperature. Ammonia production rate was
————- —————— —-—- - -more than an order of mjgﬁih‘d; greater at 90 °C than at 60 °C.

e e Fzgmi-; tysis of In'Farm 1 Simulant in 24 NaOH in a
e -bammFielue 1 % 108 Rad/h-at 58;-70,-and 90 °C

NH, Produced (moles)

Ammonia production at 90 °C leveled off after 15 days; however, the amount of
— - — - - ammonia analyzed did not- eerm'penu to 100% ..,mulysis (i.e., all of the
~— - —— -~ ¢yanide groups were noi hydrolyzed io ammonia). Two experiments were
-~ conducted to investigate this phenomenon. - The first experiment examined
“wheiher ammonia was adsorbing on the stainiess steel vessel walls. A known
S amount of ammonia was heated to 90 °C for two days, then cooled and sampled
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e e e fby;thef_s_a-'newphiﬁq_ﬁe used-in the hydrolysis experiments. Results indicated that
holdup on the stainless steel vessel walls is insignificant.

e .____The second experiment was conducted to investigate the effect of gamma
. radiation on ammonia. Five vesseis were charged with 2M sodium hydroxide
———-— — —containing nitrate and nitrite in the same proportion as contained in the

il oo dn-Farm § fiowsheet material. Ammonium chioride was added to generate an
. initial ammonia concentration of 0.03M. The vessels were placed in the gamma
- m-e--o-—-e-o- - field ai a dose rate of 1 x 10° Rad/h and heated to 90 °C.

~~————- ——— Figure 4-6 shows the results of the second experiment. Ammonia concentration
___decreases in a zero-order fashion (i.e., the plot of ammonia concentration versus
time is linear), with a rate constant of 1.3 x 10°M/liter-day. This indicates that
______ammonia is destroyed as it is produced during the aging process,  Therefore,
oo - - ———— —-complete hydrolysis of the cyanide groups to ammonia may have occurred, and
oo mnnnins o the only accurate. measutecof the exient of aging mav come from direct analysis
o of the iaiis (i.e., the aged simuiants).
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~ " Experiments investigating the effect of gamma dose on the rate of ferrocyanide

.- Iydrolysis were aiso conducted this quarter. Figure 4-7 compares- a...mcnia
o e R mﬂsmvy?‘“%ﬁm Gt Gifierent doserates. - Less aninionia is
A - produced and at a slower rate as the gamma dose rate is decreased. Each curve
- shows a similar sigmoidal shape with about a seven-day induction period, a
: = period of increased rate of ammonia production, followed by a decreasing or
e leveling off in concentration. At 1 x 10* Rad/h, the ammonia concentration
.- ... &ppears o decrease afier 19 days, indicating that the rate of ammonia production

- - ig-slower-than the rate-of destruction at this dose tate.

Figure 4-7. Effect of Gamma Dose Rate on Ammonia Production by Hydrolysis
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Total Integrated Dose Calculations. Because of the importance of dose in
- aging,,an(ssﬁmate of total integrated dose was calculated for each of the
-—--;1----------: ------- =~ ferroeyanide-tanks:-Dose was caicuiated using an anaiytical spreadsheet model
STIET= o ImTTT I R o aaeaseed h’“‘d on mm aﬂ‘ic‘u""‘"f‘d "ad‘.a.i‘_ﬁ? i"\g !‘?.tes f‘amma “nergy sCans
- - - were available for the 10 Ferrocyanide Watch List tanks that contain LOWs.

B - The direct measure of gamma energy was converted into a dose rate and then a
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S ’_;___tamljnﬁ:grated dose. - For the 1 Ferrocyanide Watch List tanks not containing
e - LOWS, -estimates of the radionuclide inventory from process flowsheets were
used to calculate dose rates. The dose calculations for the non-LOW tanks are
probably less accurate than the doses calculated for the tanks containing LOWs.
w oo o Detailed explanations of the model and resulis are presented in Parra and Watson
ot {1994)0 A sumumary “of the average and maximum caicuiated integrated doses is
oo T presenied in Tabie 4-1.

Table 4-1. Total Integrated Beta and Gamma Radiation Dose in Rads

Average (Rad) Maximum (Rad)
ak | MOV Beta Gamma Beta Gamma
241-BX-102 | N 17100 | 3.410° 7.3 10* 1.4 10°

. ]o2a1-BX-106 ] N 29100 | Ss0100 | 12100 2.110°
- [ AIBY-03 | Y | 4410 | 9410 | 7310 1.5 10°
241-BY-104 | Y 3.9 107 8.7 107 5.0 10° 1.1 10°

241-BY-105 | Y 2.5 107 55100 0 50100 | _-1.110°

241-BY-106 | Y 5.3 107 1.0100 | 1.310° 2.5 10°

1 241-BY-107 | Y 88107 | 18100 | 13100 | 2.710°

241-BY-108 | N 4210 | 9.010 1.1 10° 3.7 10*

co | 241-BY-110 | Y 4.110 9.4 107 7.6 107 1.7 108

7 241-BY-111 | Y 1.8 107 3.8 107 4.0 107 8.3 107
_— W@1BY-112 | Y | 26100 | 50100 | 9210 1.8 10°
e b2arcaos Loon | 26100 1 4310 1 11100 | 18100
L L o2atca00 | N L2910 | 53100 1.2 10° 22 10°
241-c-111 | N 23100 | 4.410° 9.5 10* 1.8 10°

T e 2412 N 1.2 107 2410 5.1 108 9.9 10*
241.7-107 | N 79107 -| -1.8 10 3.3 10* 7.5 10°

—————— 241-TX-118 | Y 1.4 107 2.9 107 2.8 107 5.6 107
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7 - A i} Avel_*age (Rad) Maximum (Rad)

- ] - Tank - R Beta Gamma Beta Gamma
241-TY-101 | N 9.7 107 2.0 10° 4.1 10" 8.2 10
A41TY-103 | Y | 52100 | 9910 1410 | 2710
241-TY-104 | N | 4910 8.6 10° 2.110° 3.6 10°

R ~Tank 241-TY-104 had the highest estimated total integrated beta and gamma
- - radiation doses: -The maximum-estimated integrated beta radiation dose value
was 2.1 x 10° Rad, with a probable estimated average value of 4.9 x 10°* Rad.
The maximum estimated integrated gamma radiation dose was 3.6 x 10° Rad
e - with a probable estimated average value of 8.6 x 10* Rad.

Cyanide Speciation. An FTIR spectrometer equipped with a remote detector
- “was installed into a radiologically controlled laboratory this quarter. The
~— - —instrument will be used for continued development of the FTIR cyanoferrate
analytical technique with actual tank waste samples. Samples from tanks C-112
—and C-109 were prepared for use in evaluation of the technique and further
gevelopmeni of ihe speciation anaiysis. Work with the samples was halted in
early April when an administrative hold was placed on all laboratory work within
radioactive control areas of the 325 Building. The hold is in effect untll a restart
_Pplan is approved by DOE. Restart is anticipated sometime next quarter;
however, work requiring radioactive facilities is currently two months behind and
will continue to slip until restart.

———=-—— - —- - —-—Development- %’kuﬁ*ﬁx&iﬁr‘réx‘ﬂﬁﬁﬁwgfapny {iCy speciation method continued
= 77—~~~ during the quarter. Efforis were focused on assessing the influence of potential

interferences, both organic and i morgamc when using the IC technique for the
determination of cyanoferrate species. Solutions prepared eight months ago with

~ organic and inorganic intefferanis Tévealed no aging effects. The concentration
of the cyanide complex appears relatively stable in each of the solutions.

Microconvection Modeling. Microconvection modeling simulations using a new

e o el L composite Code that has capahilities for solving couplod fluid, heat, and mass
"o s e — o — —{TARSPpOrt- pfebnems Wei%fepﬁﬁﬁd last quarter. Simulations uung this new
' N o capability indicate that in a waste tank containing heat-producmg radionuclides

(e.g., ¥'Cs), it is possible for the internal heat generation to establish a
) . ______bifurcated flow field within the tank (Meacham et al. 1994). Convective mass
-~ ° 77" - transport is possibie along the flow streamlines in the flow field. An initial
~-—-~—— -~~~ ----—- -analysis of how the thermai and chemical properiies affect the transport of *’Cs
------------------ - - - indicate that "¥'Cs must exhibit retrograde solubility (i.e., decreasing solubility
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with increasing temperature) for this mechanism to contribute to *hot spot”
__formation. If *¥'Cs exhibits increasing solubility with increasing temperature, the

I - ‘heat-ammalgd mass !:ansport will distribute the cesinm more uniformly
--throughout-the-wasie siudge.

Cestum/Sodium Nickel Ferrocyanide Solubﬂity Studies. Solublhty studies
. involving Cs,NiFe(CN), were expedited in order to address the issue of possible
retrograde solubility of cesium raised by the microconvection modclmg studies.
—monemn L s e moeess o dicesium niekel- fm WW ﬂn&StiSpuuuw in sodium hYdfOdeC
e - —— - - solutions Ta rangulg i concentration from 0.0013 to 5M at 25, 60, and 90 °C.
The suspensions were sampled after five days, and the results are shown in
Figure 4-8.

SLocien e Figure 4-8, . Solubility of Cs,NiFe{CN), in Caustic Solutions at 25, 60, and 90 °C
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___ _The sglubl'ydata indicate that at 25 °C the cesium concentration i increases as
the hydroxide concentration increases from 0.001M to about 1.0M. At hydroxide
* concentrations s greater than 1.0M, the cesium concentration in solution appears to
".—___be constani._Cesium coficentrations at 90.°C afe about an order of magnitude

~ higher than at 25 °C. These results provide a strong indication that cesium does
not exhihit retroerade mluhﬂm':
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¢ Planned Work For Subsequent Months. Aging experiments will be continued
using In Farm flowsheet simulant. Knowledge of factors which impact the free
— —————— ~~—cyanide concentration in solution are important to undersianding the
oo e - ——— —mechanism(s) involved-in-the hydrolysis reactions. Experiments will be
conducted to determine factors that may have influenced hydrolysis rates under
actual tank waste conditions.
- o == —Cyanide speciation-development, -including 1T methods and sojution TR methods,
will continue until the validated techniques and procedures can be routinely
oo . @pplied to samples in analytical laboratories at PNL and Westinghouse Hanford

mmmems o s=s===== === Company. The studies will include determination of interferences and possible
corrections.

=== ~—— & — ProblemAreas and Actions Taken. All laboratory work has been halted within
) radioactive control areas in the 325 Building since early April. A draft restart
- ——————— plan-was submitted to DOE and restart is anticipated sometime next quarter. The
laboratory shutdown has affected completion of the work scope outlined in the
. _FY 1994 test plans. Reports will be issued as scheduled in the milestones;
- ' however, some of work that was to be completed this FY in the cyanide
speciation and cesium solubility tasks will be carried into next FY.

¢ Milestone Status.
-  September 30, 1994: Issue the final PNL report, cleared for public

"~ Teiease, on FY 1994 hydrolysis and radiolysis aging experiments with
ferrocyanide waste materials. This milestone remains on schedule.

- _September 30, 1994: Issue the final PNL report, cleared for public
release, on solution IR and IC cyanoferrate speciation activities and
application for routine measurements in the analytical laboratories. A
report on FY 1994 activities will be issued, but a final report will not be

) - September 30, 1994: Issue a publicly available progress report on
- e Y1994 work on the solubility of sedium/cesium nickel ferrocyanide
compounds, with recommendations on future work, This milestone

_ " 1. L) -
T e e ITiMdiis On sCheduie.

- September 30, 1994: Issue a PNL report, cleared for public release, on
iTmnorT m&vﬂﬁ@_mmm the effects projected to-have occurred in the
tank waste from this phenomenon during more than 35 years of storage.

Thins milantana in Aan nnhadnla
TTTTTT T T T ALAS ILIINASAAENY AD Wi Dwiivea L.
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e -  September 30, 1994: Issue a progress report available to the public, on
- o - —FY 1994 shudies comparing chemical and physical parameiers of
s im0 f,;mmd&mmuhﬂm with actual waste sam.plﬁs The l'cport wili
- - - include recommendations on future work. -This milestone remains on
schedule.

7T T TS5 “Beptember 30, 1995: Issue the final PNL report iﬁ‘wgrd‘“‘hﬁg all
Ferrocyanide Safety Program hydrolysis and radiolysis aging activities.

i .__=_ September 30, 1995: Issue a final repart, available to the public, on the
oo s . solubility of sodium-cesium nickel ferrocyanide compounds under waste
tank conditions.

-  September 30, 1995: Issue a final report, available to the public, on
studies comparing chemical and physical parameters of ferrocyanide waste
simulants with actual tank waste samples.

il AR Tammnmarnseldas Than PIPL S . PENE. [ I
P 7~ P 3 ;?_my;nlu: rruuuzuuuu ul.uul-

— - o Wesunghauseﬂaﬂfcrd -Company. -The results-of these tests are being used to help

_______ determine if local regions within the ferrocyamde waste can ignite and burn to spread and

- --— - — involve additional waste from a wwnuau 151uu.uu pomt Propagatlon VCIOClty 1sa key
parameter in determining safety consequences of postulated burns, including a potential
radioactivity release.

-~ Because the composition of the waste in the storage tanks varies and is 9! own at all
- - -locations, ranges of material compositions have been tested. Present work is f sed on the
T Plant and the more reactive In Farm 1 simulants with varying amounts of sodium nickel

ferrocyanide. Sludge produced by the In Farm flowsheet is stored in four C Farm tanks and
. represents about 26% of the total ferrocyanide used in the Hanford Site scavenging
processes. Sludge produoed by the T Plant ﬂowsheet is stored in three TY Farm tanks and

ermness Sprocesses. -Adiabatic-calorimeter-tests have- alw ‘been-initiated to-assess possible organic fuel
—-contributions to energy releases during ferrocyanide reactions.

S prgmpuﬁno Rnnnrﬁno Perind, Efforts were directed this quarter at
T ottt --‘egtablishing eriteria covering the-onset-of propagating reactions- for all potential
S e o ,,enargeﬁkmaaemlﬂ;.e:;femcyam g, Organic, €ic.) contained in Hanford Site
... high-level waste tanks. Preliminary calculations at FAI indicate that a material
- containing no free or bound water (zero total water) must be capable of
o producing an energy release in excess of 500 Joules per gram (120 cal/g) to
-- - ---—--— - - ---—SUDPOTt-& Propagating reaction; irrespective of the fuel source (Faugke 1994). It

L
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was also noted that safe tank conditions could be corroborated with considerably
" “less effort and expense by including the presence of water in the criterion.

- T T T e Pianbed Work for}*u-bseqﬁém Months. Define additionai Pﬂlaﬂ ietric and
St femaeyamd.lafgam -tests to-be conducted and initiate these tests at FAT,
T Conduct dryout tests by simulating local heat generation in the sludge volume

e Milestone Status.
o s s e o= Jume 30,-1994: - Complete-sereening tests of In Farm | simulant at FAT by

varying ferrocyanide and water compositions to define the empmcal line
===~~~ ———-——- —— -that divides propagaiing and non-propagating mixtures on the triangle
, o~ - diagram (Postma et al. 1994).  Tests were completed on schedule at FAI
T and a report, cleared for public distribution, will be issued in September

1994.

e o= . Mareh 31,.1995: . Complete parametric aerosol tests at FAI Gf required)
e that provide source terms for determining consequences of hypothetical
ferrocyanide burns in a ferrocyanide tank.

e -  September 30, 1995: Complete the ferrocyanide calorimetry and
propagation test program at FAI as specified by Westinghouse Hanford
v _Company and prepare reports, available for public release, that support
— resoluuea -of the Ferfocyamdg Safety Issue.

- —-— - 4.6 EMERGENCY RESPONSE PLANNING

“The Board had recommended_‘that an action plan be develoved for the measures to be taken
to neutralize the conditions that may be signaled by alarms.’ Two types of measures are
- - implied: -actions 1o respond to unexpected degradation of a tank or its contents, and actions
to be taken if an explosion were to occur. Your implementation plan stated that ‘the curren:
contingency pians ... will be reviewed and revised if needed.’ We do not consider that this
proposed implementation of the Board’s recommendation is adequately responsive. It is
- - ——--—---Tecommended that & written action plan founded on demonstrated principles be prepared as
------ - soon as possible, that-would respond-to-indications of onser of abnormal temperatures or
...other unusual conditions in a ferrocyanide-bearing tank, to counter any perceived growth in
hazard. A separate emergency plan should be formulated and instituted, covering measures
that would be taken in event of an explosion or other event leading to an airborne release of
S Wraawacnvematenarﬁvm the tanks, and that would protect personnel both on and off the
--Hanford Site. The Board believes that even though it is considered that the probability is
- small that such an event will occur, prudence dictates that steps be taken at this time to

- --prepare-the-means- to-mitigase the unacceptable results thas could ensue,”
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The Action Plan for Response to Abnormal Conditions in Hanford Radioactive Waste Tanks
L Coniaining Ferrocyanide was prepared in respotise to DNFSB Recommendation 90-7.6. The
SN ._mphn describes_the steps io e taken if a femperature increase trend above the tank
o —— — ____temperature baseline is measured in any of the ferrocyanide tanks. The document was
--revised to include the. memsenng criteria and responses for abnormal levels of flammable and
- f*f**fii‘sxicgases, -a8 weil as the reporting requirements, if established criteria are exceeded. The
second revision of the plan was released this quarter (Fowler 1994),

The Tank Farm Stabilization Plan For Eknergenqliexpome (WHC 1991) was issued in

. ... March 1991 If a radioactive reicase from a ferrocyanide tank were to-occur, it would be

——— ————detected by one-or more radiation monitoring systems. - Significant airborne or ground

. surface releases that spread beyond the immediate tank or tank farm would be detected by the

_ tank farm area radiation detectors. These monitoring systems are on all tank farms. An

- CMETEENCy mvamng an underground radioactive waste storage tank is a unique event with

potentiaily serious consequences both onsite and offsite. The Stabilization Plan provides
quick, preplanned actions that can be used to stabilize an emergency event at an underground
radioactive waste storage tank.

) All actions with respect to emergency planning, emergency event recognition, protective
e - action recommendations, and emergency response procedures uav&beeﬁ completed. Further
revisions and occasional validation exercises will be accomplished as part of the normal
<o wo - Westinghouse. Hanford Company and DOE emergency-planning efforts.  No further reporting
— . on these issues wplamred and this part of DNFSB Recommendation 90-7.6 is considered

Fﬂmﬂll‘l’!‘ H“ﬂ f‘lﬂuﬂl‘l

- - WWAR AW MAMAL WAL WS

DOE considers this recommendation to be closed with the proviso that the abnormal

e - -CODditions. response plen and emergency plans arer-{1) reviewed on 2 periodic basis;

"~ (2) revised and updated as reqmred to mcorporate any additional controls determined

appropnate by the ongomg Waste Tank Safety Program investigations [e.g., the Action Plan

" - ~= =~ Jor Response io Abnormai Conditions in Hanford Site Radioactive Waste Tanks Containing

... ... Ferrocyanide was updated and released this quarter (Fowler 1994)]; and (3) validation
"~ 7 exercises for various waste tank accident scenarios are conducted (exercises for the tank

farms are conducted every two years).

¢ Progress During Reporting Period. As noted in previous reports, all of the
planned milestones for this task were completed.

Planned Work For Subsequent Months. None planned.

d Artion Teken. None.
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Milestone Status. Al milestones have been completed.
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5.0 PROGRAM SCHEDULES AND MILESTONES

- Two sets of schedules (Figures 5-1 and 5-2) are presented in this section. The scope of some
of the program activities has changed since the FY 1992 program plan (Cash and Dukelow
- 1992) and the revised implementation plan (Borsheim et al. 1992) were released, and
"7 progress should be trackied against the scheduies presented here. These are the schedules
provided in the ferrocyanide program plan (Borsheim et al. 1994) in March 1994,

The first set of schedules reviews milestones for FY 1991 through FY 1994; these have been
coeor - - -Statused through June 30, 1994, A _status line was drawn. showing the progress completed on
" - each activity. -Actions that have started or been completed are indicated by triangles that are
filled in. Work indicated by open triangles has either not started or has not been completed.
Diamonds indicate a TPA milestone.

- -——- - --.The second set of schedules reviews out-year milestones for FY 1994 through the expected

-~ ¢nd of ihe program il FY 1997." The sequence and anticipated compietion dates of the major
~~— ~~milestones leading to Safety Issue resoiution are presenied.
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- ———Figure 5-1.- Ferrocyanide Waste Tank Safety Schedule: (Sheet 3 of 4)

©
] Y is
e zommnee- Y T] [— - SR ' | . S
] i S 1 1 e AES o 1 S PR
prm %8 Ll - m ...........
- A _a [ =i TR - P
_ -3 555 mmu . .ms.:-:.:.-: W8
E - m <] .W mM..mln: nnnnnnnnnnnnnnnnnnnnnn Fe=reTf¥ITEETIETER annEEEERTva
‘ TR e
- o e e e
- - |n| |||||||||| 120000 PN \DORURRUUAN NI UUNURSRRRRRN SO
i . L P TR I - oo DU
o L) ﬁ SRR I R R A
‘ -— (=] D " " I R
3 B ) O -
e E e
a S N WO
_ £l Bl pree e - S
................. OBl g R -] -
D P et ISSestr| | PN
- . -4 handl r% il e -------------memm e R = -
I I e N s WHH ..................
S| 2 Hu.m.u«_ ........................... S s
. = R SIS RTERERRTTRIT e | NN S
B o al A % — ......................
Vo B
o i ———  p— S ——
S B S . B e
< o U ——— S
m £ .
L e T
) B - L1 et Sl —— R ——
_— hisE T EF N
L L] — S s & TTTrTmmmmmrmmEmRrREERERRS
‘ki( \m‘xuﬂ ||||||||||||||||||||||| ‘\.,l— ||||||||||||||||||||||||||||||||||||||||||||
= =3 S B
e I = e - S Bt MO
L e —— U
& e - )
o Prd ™ R« (1
A — w.w .............................. m .........................................
- e 4 £ AR AR B eeoeeem oo omooemieomoooiieiiieieeii
R B ) R | o ———— | O
o |8l | ]
] — ] o
L8 ol 5 {- m.m ...................................
ol e | e R
S| B ] O ]
‘ 0 R T T TR I IREEeEe B R
._n.lu- o
-
T
e
i - o
o oD o |5 9
L 2|5 £_E g g2 @
- Els I S8 — S - =K 2
2| E £ P o = S = o g
I EIE  g¢ B« 5 0 T = £cw &=
o ] Ve O 2 ot -8 ¥ — @f< ;
IA =00 = w = [ Q w . pl‘. -
e 6 55 9c<w T oY A B <
£ E2 g8 £ oy ES 2%
- ) L4 == gz fBtTc L L e®c =
o e® So-BEC asf =0 - 58 _OF
- EE £t o pog/ TE=E= g w O
i - — = - s M) g kl‘nt M w L] = -
.t 3e Eade_ E€3¥ EES 258 &%
- —— I w - m [ P4 - - O ﬂl— R )
as= =R onéd 0E® Lo

June 30, 1604

W
A



A

|
)

J

~ FY 1994,
AM

. S|O'N:D:J . F

I'eﬂl.;llle

FY 1993

I
!
|
|
il

"
"

|
'J

M

b
}

T
1

ty Prc'njgra m S

J

T
4

Sio:N

o

I
kil
-
ol

afq

)
FY 1992
A

ink §

 Té
JOTNT

V’aastbl
.

de V
19
A

syvani
I

‘D J:F
Ii
e
LI S ]
[ |
LI S |
[N .
[ B |
LI B |
LI |
[ T |
[ R )
LI |
[ I |
[ I |
L I 1
LI P |
[ B |
[ B |
| I I |
LI ]
[ R}
[ .
[ B |
LI B
N
LI R
[ T |
[ ]
L]
[
Lo
P
Lo
Lo
LI
L
LI §
L}
L]
[
[
[ ]
L]
L
I
LI
ro
LI |
P
L]
[
LI
D
Lot
LI
[}
Lo
Lo
D
L.
'
LI |
LI
LI}
[
[
[
[
LI |
Do
LI ]
]

1

:

]

.

1

!

]

:

.

!

ol
(5

2T

F

&
®_ _5 2
: \ 3 53 i
= = ("]
o % 2 5 8¢ S8 § E o
‘ = | 8€ g 9o 2o, BE 2 £ O o
- = =a a & o= aa @ o -0 3
> ) s "M.W) ~ o E> 3 = o% =
- SEN c - oR=Em - o 290 m. 0 ca o PN
(%] Ow e £ F.ﬂnd.l %y B Ex > os ooy ®
i B o B e - - S - B2 .3 S5 @ 2gosr =042
— \\ i = - .1|.¢ B -5 - ..m = ST _ ma. et ‘nﬁ ﬂ‘|.¢ﬂ.\-"m . m“Il.. =
- == o [] Sasc 3c &wkl_.l ] 0= ®3 Swe 3
T I T B2 F = SeREE %2 E Ef £ 53 mm w,.n,m &
=2 %5 0 ® £l 35 = oY =
RIS S S -.Mmmm..wﬁ s - r\mmtmwm. i !H.M.m; a.nz o FF Q08 ..m mm g
T4 wWEE L @BEOI TTRE T - FP&




(Y]

e e e m e e oo Ww W sim w2 mm s

 WHU-EBEP-U4/4-];

~ oo _.__Figure 5-2. Ferrocyanide Waste Tank Safety Schedule (Out Year). (Sheet 1 of 2)
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-1 Total waste |- Maximum
"1 Tank | volume a oggc lj;ole) H(?ttulg;? temp. Status of tanks®
f | @,000gay |V ETE °C) (°F)
~|BX:102) - -%6 oy oo <l 2880 119 65 |1S: A
I BX-106 46 <1 2,500 19 66 |NS; Sound
S R _ o 19 66|
BY-103 40 66 5,500 27 80 |NS; AL
BY-104| = 406 83 [ 8700 |52 126 |IS; Sound
ST ' 46 114
BY-105 503 36 8,700 45 113 [NS: AL
49 120
BY-106 642 70 10,100 53 128 |NS; AL
BY-107 266 42 8,900 36 97 |IS; AL
. . . _r -
BY-108| 228 B 58 | 9200 42 108 |IS; AL
IBY-110] 398 71 6,900 48 118 {IS: Sound
- - R AT _ A2 107
BY-111] 459 6 5,500 315 87 |IS; Sound
_ _ _ _ 28 83
BY-112 291 2 6,100 28* 82 |IS; Sound
R B : 31* 88
-1 Ci08 ] T 66 25 6,000 | 23 73 |IS; Sound
10 ] ' 124 75
C-109 | 66 6.8" 7,000 27 80 |IS; Sound
: 260 78 | -
S IR |5 I 57 13| 6,400 23 73 |IS; AL
R I 633 § v A D (17 S I, ii5e 7,500 27 80 1IS; Sound
27° 81
T-107 180 I 5 3,000 |19 67 |NS; AL
drxeagl 0 347 A3 . 4,600 24 75 |1IS; Sound
-f -

o 3
Ca



WHC-EP-0474-13

Table A-1. Summary of Contents and Status of Ferrocyanide Tanks*.

Tank T(:r%}xte _ (1,0(1):00(;1-3:01@ Hg;;tml,hog:i hf?;:;:lm Status of tanks®
(1,000 gal) : o (*C) (°BH

TY-101]~ 18- ~23 3,100 | 19 67 |IS; AL

TY-103| 162 28 4,000 20 68 |IS; AL

TY-104 26 12 3,000 19 67 |Is; AL

e Reflacte ceren] o fie

I ! -,\

ALY ICLIVUVAL Ul 1V

information and temperature data as of June 1994.
® Inventories from Borsheim and Simpson (1991).
. _.° Heat load values from Table 7-1 in Crowe et al. (1993).
_______*1IS - Interim Stabilized Tank; NS - Not Stabilized; AL - Assumed Leaker Tank;

Sound - Non-Leaking Tank.
* Readings from new instrument trees; tank 241-BY-105 alrwdy had two trees.

Dandinan hava nne watr Haan tnlran nn thia na:

mlgﬁ' ave 'l
DanAdin

MLy

= WIS .llulll l.\.p Elclm:lll. .ul W“
—*-Calculated-as-ferrocyanide [Fe(CN)] based on-the to
Simpson et al. (1993a, 1993b).

]Fl UeA-Al WaRLAL Uil WS IICW ulﬂul-llllclll;

ferrocyanide tanks from Watch List in July 1993. Tank

tal cyanide values reported in

A4
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"Tabie A-2. Ferrocyanide Tank Vapor Sampling Summary

e ol T L Date . | Flgmm | icVapor | Ammoniz | HCN/ON |  Nitrous Gas
ol L semie Lty | eem feem | epm (epm)
BX-106 | 06/17/93 <1 12 18 <2 <0.5
oo BY102 - losmsms |- < - 12- 5 |- <2 <0.5

1 By-1d | 1001605 1 37 250 <2 >10

: 1030581

04/22/94 <1 26 200 NA* <0.5

] BY-105 | 05/09/94 <1 4.9 40 NA NA

- BY-106 05/04/94 <1 5.7 60 NA NA

1 BY10r  |o3nsms 3.4 67 97 NA NA
. | -BY-i08 fosmmme4 | g 97 700" NA <0.5
BY-110 0927192 <1 350 612° <2 <0.5
- . BY-ii1 | 03725193 <1 6.3 S 10 <2 <0.5
05/11/94 <1 o 60 NA
o= oBYEIR2 9833555 <1 - 5% 10 <z "7 - <0.5
c-108 07/23/93 <1 1.2 <2 <2 . <05
C-109 08/26/92 <1 NA <s <2 <0.5

’ | 0672394 <1 | 1.0 | 4 ‘NA ' NA
. 1 can | osnimes <1 | <02 <2 | <« <0.5
4 ez lomerr. | < <0.2 <5 <2 <32
R 1 031802 : : :

06/24/94 <1 <02 4 NA ___NA
T-107 | 1022192 <1 .| . 24 ). 203 <2 <0.5
TX-118 | 07/28/93 <1 0.3 10 <2 0.5

*NA = Not Available,
*Approximation because concentration exceeded calibration range.
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METRIC CONVERSION CHART
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Table B-1, Metric Conversion Chart.

Into Metric ~~ Out of Metric
~ -|-1f You Know | Multiply By | To Get | If You Know Multiply By To Get
7 Length Length
in” 2.5 1 com mm 0.04 in.
ft "_35;’48 cm - cm - 0.4 in.
| -Mass(weiglity = Mass (weight)
& —=1Ib- --- 0453815 ¢ - ks -Eg -2.2 —-1b
Volume ) Volume
gal - ---3.78541 L L 0.264172 gal
-Temperature Temperature
------ i | e | o | s o [ iy 1, | P
by 0.55555...
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